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EDITORIAL 


undertake  general  administrative  secretariat  duties  for 
CS(RN)’s  headquarters  and  outstations,  working  to  CNR 
where  appropriate. 

The  new  division  will  contain  both  scientific  and 
administrative  staff;  in  due  course  its  Director  will  be 
an  Assistant  Secretary  who  in  addition  to  his  responsi¬ 
bilities  to  CS(RN)  will  have  a  line  of  responsibility 
through  the  appropriate  Under  Secretary  to  the  Account¬ 
ing  Officer.  In  this  way  the  concept  of  mixed  adminis¬ 
trative  and  scientific  manning  pioneered  in  RDF(N) 
has  been  developed  to  bring  the  appropriate  administra¬ 
tive  responsibilities  within  Scientific  Headquarters  itself. 

Under  the  new  arrangement  DCS(N)  will  have  under 
his  direction  sectors  responsible  for  operational  ana¬ 
lysis,  for  recruitment,  training,  promotion  and  allocation 
of  scientific  staff,  for  R  &  D  finance,  and  for  collabora¬ 
tion  with  other  UK  authorities  and  with  foreign  defence 
organisations  He  will  therefore  be  well  equipped  to 
keep  under  review  the  overall  balance  and  justification 
of  the  Naval  R  &  D  programme  and  to  develop  a 
rationale  for  allocation  of  resources  which  is  more 
responsive  to  the  changing  needs  of  the  Navy. 

Department  of  Chief  of  Naval  Research 

Under  CNR  will  be  three  Directors  corresponding  to 
the  former  posts  of  DMR(N),  DDNPR.  and  DDNPR 
(CVD).  For  the  time  being  these  will  be  respectively 
known  as  the  Directors  of  Materials  Research,  Physical 
Research  and  CVD.  but  there  may  be  some  alteration  in 
the  boundaries  of  their  fields  of  interest  to  allow  a  more 
effective  combined  team.  The  incorporation  of  the  Senior 
Psychologist  and  his  staff  will  also  bring  together  under 
common  management  psychological,  physiological  and 
other  scientific  aspects  of  personnel  research. 

In  co-ordinating  the  overall  Naval  research  pro¬ 
gramme,  CNR  will  need  to  consult  closely  with  other 
responsible  authorities,  and  particularly  with  Director 
General  Ships  and  Director  General  Weapons.  In  addi¬ 
tion  to  discussion  with  the  Director-Generals  themselves 
CNR  will  chair  a  small  Research  Co-ordination  Com¬ 
mittee  which  will  include  Director,  ASWE.  Director, 
AUWF  and  Scientific  Adviser  to  DG  Ships. 

CNR  will  also  be  responsible  for  organising  the  Navy 
Department  Research  Review,  whereby  CS(RN)  reviews 
the  whole  Navy  Department  Research  Programme  each 
year  and  makes  a  report  to  the  Defence  Research  Com¬ 
mittee.  It  has  already  become  clear  that  this  review  will 
need  to  be  a  continuing  sequence  of  events  rather  than 
a  single  isolated  exercise  each  year,  and  this  trend  will 
be  all  the  more  necessary  because  the  Defence  Research 
Committee  will  in  future  require  to  see  the  whole 
research  programme  arranged  in  convenient  packages 
and  will  require  an  explicit  justification  of  objectives 
and  plans  for  each  element. 


September  3rd,  1968  saw  the  introduction  of  changes 
in  the  organisation  of  Headquarters  departments  respon¬ 
sible  to  Chief  Scientist  (Royal  Navy).  Members  of  the 
RNSS  will  no  doubt  be  interested  to  know  something 
of  the  reasons  behind  this  and  the  way  the  new  arrange¬ 
ments  are  intended  to  work. 

It  has  been  clear  for  some  time  that  the  previous 
organisation  was  not  well  matched  to  developments 
which  have  taken  place  in  the  last  few  years  both  in 
the  Navy  Department  and  in  the  Ministry  of  Defence 
as  a  whole.  Changes  of  particular  significance  have  been 
the  appointment  of  Chief  Scientist  (Royal  Navy)  as  a 
member  of  the  Admiralty  Board,  the  formation  of  the 
Naval  Research  and  Development  Board  and  the  devel¬ 
opment  of  a  powerful  MOD  Central  committee  structure 
dealing  both  with  military  requirements  and  with  the 
research  and  development  needed  to  meet  them.  The 
new  headquarters  organisation  is  designed  to  spread  the 
previous  tasks  more  evenly  and  thereby  to  allow  more 
support  for  CS(RN)  in  the  overall  supervision  of  the 
Naval  Research  and  Development  programme. 


Top  Management 

The  previous  posts  held  by  CRNSS  and  DNPR  have 
lapsed,  and  at  the  highest  level  under  CS(RN)  there  arc 
now  two  new  posts,  each  directly  responsible  to  CS(RN). 
These  are  the  Deputy  Chief  Scientist  (Navy, — DCS(N) — 
who  is  also  the  Head  of  the  RNSS,  and  the  Chief  of 
Naval  Research — CNR 

The  DCS(N)  will  carry  out  the  same  function  as 
CRNSS  as  regards  management  of  the  Navy’s  scientific 
manpower,  but  he  will  hand  over  to  CNR  the  direction 
of  the  laboratories  formerly  responsible  to  CRNSS;  this 
will  leave  him  free  to  assist  CS(RN)  in  matters  con¬ 
cerned  with  the  overall  R  &  D  programme,  in  scientific 
analysis  of  operational  requirements  and  in  matching 
the  resources,  both  of  manpower  and  money,  to  the 
needs  of  the  programme. 

The  CNR  will  assume  responsibility  for  the  former 
departments  of  Physical  and  Materials  Research  and 
for  the  CVD  organisation,  together  with  the  research 
laboratories  formerly  concerned  with  these  departments. 
He  will  also  become  responsible  for  the  Senior  Psycho¬ 
logist  (Naval)  and  his  staff,  He  will  be  charged,  as 
CRNSS  was  before,  with  surveying  the  whole  field  of 
scientific  research  in  the  interests  of  the  Navy  and  with 
collaborating  with  other  voteholders  in  the  planning  of 
their  research  activities  and  the  co-ordination  of  these 
with  his  own  programmes. 

Department  of  Deputy  Chief  Scientist  (Navy) 

The  DCS(N)  will  be  responsible  for  the  Superintendent 
of  Scientific  Personnel — SSP(N) — operating  as  before, 
and  for  the  former  DOA  (N).  now  to  be  known  as  the 
Director  of  Naval  Operational  Studies  (DNOS).  DNOS 
will  preserve  his  previous  links  with  the  Defence  Oper¬ 
ational  Analysis  Organisation. 

DCS(N)  will  also  have  a  new  Division  of  Naval 
Research  and  Development  Administraion  (DNRDA). 
which  will  combine  the  former  RDF(N)  Division  and 
parts  of  the  DRDS(N)  The  new  division  will  be  con¬ 
cerned  with  overall  programmes,  financial  management 
and  control,  administration  of  international  collabora¬ 
tion  in  Research  and  Development  and  with  collabora¬ 
tion  with  other  Government  Departments  and  national 
authorities.  It  will  also  be  responsible  for  patent  work, 
information  services  and  other  general  scientific  services 
formerly  carried  out  by  DRDS(N).  Finally  DNRDA  will 


The  RNSS 

DCS(N)  will  act  as  Head  of  the  RNSS;  this  will  mean 
that  CS(RN),  while  still  being  vitally  concerned  with 
the  activities  of  the  scientific  service,  will  retain  the 
freedom  to  maintain  cognisance  of  research  and  devel¬ 
opment  carried  out  by  other  professional  staff  in  the 
Navy  Department.  As  Head  of  the  RNSS,  DCS(N)  is 
responsible  for  organisation  and  control  of  the  Royal 
Naval  Scientific  Service  and  for  advising  on  its  manning. 
As  regards  the  management  and  welfare  of  scientific 
staff,  he  will  carry  out  precisely  the  same  functions  as 
CRNSS  before  him  and  all  members  of  the  RNSS  should 
feel  free  to  consult  or  appeal  to  him  as  they  may  feel 
necessary. 
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THE  S.I.N.S.  GYRO  TEST  CENTRE  AT  THE 
ADMIRALTY  COMPASS  OBSERVATORY 


SUMMARY 

The  recently-installed  S  f.N.S.  Gyro  Test  Centre  at  the 
Admiralty  Compass  Observatory  is  described  by  refer¬ 
ence  to  the  functional  requirements  and  uses  of  such 
an  Ultra  Precision  Test  Equipment. 


Introduction 

A  Ship’s  Inertial  Navigation  System  (S.I.N.S.) 
is  based  on  gyros  of  the  highest  order  of  accuracy 
attainable.  The  Royal  Navy’s  S.I.N.S.,  developed 
at  the  A.C.O.,  uses  single-degree-of-freedom  rate- 
integrating  floated  gyros  of  the  type  originated  by 
Professor  Draper  of  M.I.T.  ^»2»3*4).  For  S.I.N.S. 
to  be  useful  its  gyros  must  have  accurately  known 
and  constant  parameters  with  extremely  low  ran¬ 
dom  and  time-variant  drifts.  Production  testing 
and  selection  of  these  gyros  calls  for  high  quality 
instrumentation  capable  of  accurately  measuring 
the  important  parameters.  Such  equipment  is  in 
use  at  the  British  Aircraft  Corporation’s  factory 
at  Stevenage,  where  the  gyros  are  made.  Similarly, 
high  quality  assessment  plays  a  major  role  in  the 
development  and  optimisation  of  the  design  of 
gyros.  To  this  end  the  United  States  Navy  com¬ 
missioned  an  American  gyro  manufacturer,  Nort- 
ronics,  a  Division  of  the  Northrop  Corporation, 
to  design  and  produce  gyro  test  equipment  of  the 
highest  attainable  accuracy.  This  work  resulted  in 
the  birth  of  the  so-called  Ultra- Precision  Test 
Equipment,  affectionately  known  as  “UPTE” 
despite  later  attempts  to  introduce  more  sophis¬ 
ticated  names.  The  first  two  installations  of  this 
equipment  were  at  Nortronics’  own  Plant  at  Nor¬ 
wood,  near  Boston,  Mass.,  and  at  the  U.S.  Naval 
Applied  Science  Laboratory,  Brooklyn,  New  York. 
The  third  UPTE  was  ordered  for  the  A.C.O.  in 
October,  1966  and  duly  installed  in  July,  1967. 

The  photograph  (Fig.  1)  shows  a  general 
view  of  the  A.C.O.  installation.  Fig.  2  indicates 
the  relative  positions  of  the  three  electronics  con¬ 
soles  and  the  servo  table. 


J.  Preston,  B.Sc.,  Ph.D.,  R.N.S.S.  and 
J.  H.  Norton,  B.Se.(Eng.),  R.N.S.S. 

Admiralty  Compass  Observatory 


Methods  of  Gyro  Evaluation 

Single-degree-of-freedom  gyros  are  put  to  a 
variety  of  uses,  in  aircraft,  missile  and  space  appli¬ 
cations  as  well  as  in  S.I.N.S.  Each  application  dic¬ 
tates  a  different  set  of  environmental  conditions 
and  has  its  own  requirements  of  magnitude  and 
stability  of  sensitivities  and  drift  parameters.  Lab¬ 
oratory  methods  of  evaluation  must  reflect  these 
conditions  and  be  capable  of  revealing  the  para¬ 
meters  required  to  the  necessary  degree  of  accur¬ 
acy.  Two  species  of  test  method  may  be  defined 
as  “  service  ”  and  featherbed  Service  tests  are 
designed  to  show  how  the  gyro  may  be  expected  to 
perform  under  conditions  of  vibration,  accelera¬ 
tion,  quick  warm-up,  low  temperature  or  any  other 


FIS.  I.  The  Admiralty  Compass  Observatory's  S.I.N.S. 
Gyro  Test  Centre. 
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A  B.C. —  Electronic  Consoles 
T. —  Air  Bearing  Servo  Table 
FIG.  2.  The  Layout  of  UPTE. 

environment  peculiar  to  the  system  in  which  the 
gyro  will  be  used.  In  contrast,  featherbed  tests  are 
designed  to  show  the  full  capability  of  the  gyro  if 
used  under  ideal  conditions.  The  results  of  such 
testing  give  an  upper  limit  to  the  performance 
which  may  be  expected  in  service,  and  as  such  are 
much  favoured  by  gyro  manufacturers.  But  para¬ 
meters  determined  in  a  vibration-free,  tempera¬ 
ture-controlled  laboratory  may  bear  little  relation 
to  those  operating  in,  say,  a  shaking,  accelerating, 
temperature-fluctuating  missile.  In  S.I.N.S.,  how¬ 
ever,  where  the  very  best  performance  is  demanded 
from  the  gyros,  steps  are  taken  to  provide  as  near 
ideal  system  conditions  as  possible.  Certainly 
there  are  no  violent  changes  of  environmental 
temperature  and  quick  warm-up  is  not  a  vital 
requirement.  Vibration  and  acceleration  levels  are 
considerably  lower  than  in  many  other  applica¬ 
tions.  If,  due  to  vehicle  vibration,  gyro  perform¬ 
ance  in  service  proves  to  be  markedly  degraded 
below  that  obtained  under  ideal  conditions,  and 
if  this  degraded  performance  is  unacceptable,  then 
the  most  promising  line  of  approach  is  likely  to 
be  to  filter  out  the  vibration  rather  than  to  attempt 
to  re-design  the  gyro  to  withstand  it.  For  S.I.N.S. 
gyros,  therefore,  “service”  and  “featherbed” 
become  virtually  synonymous. 

All  featherbed  testing  of  gyros  is  based  on  one 
of  two  null-seeking  servo  modes,  the  so-called 
table  servo  and  rate-loop  servo.  In  the  table  servo 
mode,  the  gyro  is  the  control  element  of  a  single 
axis  stabiliser  involving  a  motor-driven  platform. 
Gyro  performance  is  assessed  and  the  various 
parameters  determined  by  a  study  of  how  closely 


the  stabilised  platform  follows  the  known  ideal 
pattern  of  rotation  rates.  In  the  rate-loop  servo 
mode,  the  gyro  controls  its  inner  gimbal  position 
at  null  by  means  of  a  torque  generator  current. 
Drift  parameters  are  determined  in  terms  of  the 
variation  of  this  current.  By  suitable  orientation 
of  the  gyro,  using  one  or  other  basic  mode,  it  is 
possible  to  derive  the  drift  coefficients,  to  calibrate 
operational  parameters  and  to  assess  the  gyro’s 
overall  performance  expectation  when  fitted  in 
S.I.N.S. 

Test  Station  Requirements 

The  basic  requirements  of  a  good  quality  test 
station  may  be  listed: 

(i)  Gyro  environment .  The  first  essential  in 
featherbed  testing  is  to  produce  the  feather¬ 
bed.  A  temperature-controlled,  semi-clean 
laboratory  with  a  vibration-free  massive 
block  isolated  from  the  building  is  needed. 
Provision  must  be  made  in  the  equipment 
itself  for  maintaining  close  control  of  the 
immediate  environs  of  the  gyro  under  test. 

(ii)  Servo  axis  freedom.  In  order  to  achieve  good 
servo  control  with  faithful  response  to  gyro 
idiosyncrasies,  special  steps  must  be  taken 
to  reduce  servo  axis  friction.  Air  bearings 
are  considered  essential  in  the  best  systems. 

(lii)  Gyro  supplies.  Clearly  the  energization  of 
spin  motor,  signal  pick-off  and  other  circuits 
must  be  of  high  quality  and  controllable. 

(iv)  Monitoring  facilities.  It  is  essential  to  show 
that  “  constant  ”  functions  remain  constant 
throughout  a  test.  Many  changes  in  indicated 
gyro  performance  have  left  the  operator  in 
doubt  about  the  stability  of  his  supplies. 
Without  monitoring  facilities  there  is  always 
a  suspicion  that  the  test  gear,  rather  than  the 
gyro,  is  being  tested. 

(v)  Read-out  system .  The  test  station  must  have 
chart  recorders,  digital  print-out  or  other 
devices  for  presenting  the  required  informa¬ 
tion  in  suitable  form. 

(vi)  Calibration.  Accurate  work  requires  more 
than  internally  relative  values  and  for  full 
confidence  to  be  placed  in  results  the  test 
equipment  must  be  capable  of  calibration 
against  sufficiently  reliable  standards. 

(vii)  Versatility.  A  test  station  forming  part  of  an 
R  and  D  facility  should  be  capable  of  evalu¬ 
ating  any  single-dcgree-of-freedom  gyro,  or 
any  device  which  may  be  used  in  the  same 
way,  e.g.  a  free  gyro  or  a  ring  laser.  Further¬ 
more  it  should  be  able  to  produce  all  the 
gyro  parameters  needed  by  the  S.I.N.S. 
designer  and  user — and  a  few  more  they 
haven't  yet  called  for.  Such  an  “all-singing, 
all-dancing”  test  station  would  be  out  of 
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place  in  a  production  run  where  single¬ 
purpose  test  stations  prove  to  be  more  suit¬ 
able. 

Meeting  the  Requirements  with  UPTE 

The  test  station  requirements  listed  above  are 
met  as  nearly  perfectly  as  at  present  possible  by 
UPTE.  The  most  convenient  way  of  describing 
the  facility  is  by  showing  in  some  detail  how  these 
requirements  are  met. 

(i)  Gyro  environment.  The  period  in  which  the 
detailed  specifications  for  UPTE  were  being 
discussed  with  the  manufacturers  coincided 
with  the  designing  and  building  of  the  new 
Laboratory  Block  at  the  A.C.O.  Thus  one  of 
the  rare  occasions  arose  when  it  was  possible 
to  design  the  laboratory  for  the  job  intended. 
The  laboratory  measures  30  by  20  ft.  with 
double  gla/ed  windows  and  a  temperature- 
controlled  air  conditioning  plant.  UPTE 
occupies  half  the  space  with  other,  less- 
sophisticated  test  stations  in  the  other  half. 
As  shown  in  Fig.  2,  three  electronics  consoles 
are  grouped  around  the  Servo  Table.  This 
table  is  a  massive  object  (weighing  2\  tons) 
standing  on  a  25  ton  concrete  block,  8  ft. 
square  in  plan  and  extending  to  a  depth  of 
6  ft.  below  floor  level.  Fig.  3(a)  shows  the 
arrangement  by  which  the  block  and  table 
are  isolated  from  the  building.  The  sub-soil 
is  gravel,  which  gives  good  attenuation  of 
ground-borne  shock  waves.  Thus  the  effects 
of  local  and  distant  disturbances  are  mini¬ 
mized.  The  sensitive  level-indicators  of 
UPTE  have  so  far  only  been  affected  by 
tree-felling  in  the  surrounding  park  and  by 
earthquakes  in  Turkey.  On  the  whole  the 
featherbed  would  appear  to  be  a  comfortable 
one. 

Fig.  3(b)  also  shows  the  position  of  a  gyro 
under  test  in  the  table.  The  gyro  is  covered 
by  a  large  metal  dome,  the  Table-Top  Tem¬ 
perature  Chamber  (T.T.T.C.),  which  has  a 
magnetic  amplifier  proportional  tempera¬ 
ture  control  system  and  variable  speed  fan 
capable  of  maintaining  gyro  ambient  steady 
to  01°C.  The  dome  may  be  sealed  in  order 
to  study  gyro  performance  under  reduced  or 
increased  external  pressure. 

(ii)  Servo  axis  freedom.  At  the  heart  of  the 
system  is  the  Servo  Table.  This  is  an  Ameri¬ 
can  Optical  Company  (formerly  the  Fecker 
Corporation)  Type  252,  based  on  the  famous 
Model  D  Turntable  designed  at  M.I.T.  As 
shown  in  Fig.  3  it  has  a  massive  base,  yoke 
and  gimbal  which  are  all  made  of  Meehan- 
ite.  The  gimbal  can  be  turned  manually  to 
any  position  in  azimuth  or  elevation  on 


FJG.  3(a).  UPTE  vibration  isolation  mount. 


roller  bearings.  The  servo  platform,  which  is 
continuously  rotatable,  is  supported  on 
hydrostatic  air  bearings  pressurized  to  85 
p.s.i.g.  A  total  of  36  orifices  provide  a  journal 
bearing  and  an  opposing  pair  of  thrust  bear¬ 
ings,  having  a  load  capacity  of  \  ton.  Tabic 
drive  is  by  an  Inland  Controls  35  lb.  ft.  D.C. 
torque  motor  without  gearing.  Also  linked 
to  the  servo-axis  is  an  Inductosyn  720-pole 
angular  pick-off  and  a  D.C.  tachogenerator. 
Apart  from  the  essential  slip  rings  for  the 
Inductosyn  rotor,  there  is  no  frictional  con¬ 
tact  between  the  base  and  the  air-supported 
stable  platform.  Connections  to  the  gyro  and 
table  top  are  made  through  a  flexible  cable 
hanging  from  an  overhead  junction  box.  In 
this  way  servo-axis  freedom  is  assured  and 
extremely  low  rates  of  turning  can  be 
smoothly  achieved. 

The  British-built  air  supply  system, 
schematically  shown  in  Fig.  4,  deserves 
mention.  Since  it  is  hoped  to  maintain  an 
unbroken  air  supply  to  the  Table  for  periods 
of  six  months  or  more,  a  twin  compressor 
system  has  been  installed.  These  are  Broom 
and  Wade  type  CAR  26  carbon  ring  oil-free 
two-stage  compressors  delivering  16  s.c.f.m. 
with  a  working  pressure  of  150  p.s.i.g.  Each 
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compressor  is  put  on  duty  for  one  week,  with 
the  other  one  on  stand-by.  Pressure  switches 
control  the  running  cycle  of  the  duty  com¬ 
pressor  and  bring  in  the  stand-by  in  case 
of  emergency.  After  cooling,  the  compressed 
air  is  fed  to  a  receiver  and  thence  from  the 
compressor  house  into  the  laboratory  by  a 
long  run  of  copper  piping.  A  Pall  activated 
alumina  air  drier  reduces  the  water  content 
of  the  air  to  —  90°C  dew  point,  as  measured 
by  a  Shaw  moisture  meter.  After  passing 
through  a  pressure  regulator  and  a  Millipore 
1  micron  absolute  filter,  the  air  is  tempera¬ 
ture  controlled  and  finally  reaches  the  Table. 
Failure  of  the  air  supply  or  a  rise  in  dew 
point  above  — 40°C  rings  an  alarm. 


An  important  part  of  the  servo  system  is 
the  amplifier.  This  is  an  Inland  Controls 
type  1  OIK  designed  specifically  for  con¬ 
trolling  this  type  of  Table  from  inputs 
generated  by  a  wide  variety  of  gyros.  An 
American  Optical  Position  and  Rate  Com¬ 
mand  Unit  may  be  used,  instead  of  a  gyro, 
to  generate  control  signals.  Accurate 
positioning  of  the  Table  to  fractions  of  an 
arc  second,  or  more  usually  a  steady  rate 
Table  drive  can  then  be  achieved.  Selected 
multiples  of  earth  rate  (from  IX  to  200X) 
are  available,  with  higher  uncalibrated  rates. 
To  achieve  accurate  rates  a  synchronous 
motor  fed  from  a  sidereal  time  source  drives 
a  resolver  to  which  the  Induetosyn  is  slaved 
via  the  Table  drive  system. 
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(iii)  Gyro  supplies.  A  gyro  requires  continuous 
and  controlled  energisation  of  its  wheel  (sine 
or  square  wave,  2  or  3  phase  A.C.)  signal 
pick-off  (sine  wave  single  phase  A.C.)  gimbal 
suspension  (sine  or  square  wave  single  phase 
A.C.)  torque  generator  (controlled  D.C. 
levels  or  pulse  patterns)  and  heater  (pro¬ 
portionally  controlled  A.C.  or  D.C.). 

In  IJPTE  all  gyro  frequencies  are  locked 
to  a  3MHz  Motorola  crystal  known  to  be 
accurate  to  2  parts  in  1010.  Thus  the  System 
Time  Reference  (a  digital  clock)  is  accurate 
to  1  second  in  150  years.  This  clock  generates 
minutes  and  hours  pulses  giving  time 
markers  on  all  charts  and  initiating  the 
appropriate  digital  prints. 

A  Krohn-hite  polyphase  power  unit  pro¬ 
vides  the  gyro  wheel  with  closely  controlled 
sine  wave  2  or  3  phase  power  at  400,  800 
or  1,200  H 7.  25  VA  per  phase  is  available 
continuously  with  double  power  for  short 
duration  wheel  starting  requirements.  The 
output  is  adjustable  in  0*01  volt  steps  from 
zero  to  120  volts.  A  Krohn-hite  single  phase 
power  unit  with  similar  characteristics  pro¬ 
vides  signal  pick-off  and  gimbal  suspension 
energization  at  1,  4’8,  5  or  10  KHz. 

Constant  currents  for  the  torque  generator 
are  produced  by  a  Julie  Research  Labora¬ 
tories  Ultra  Stable  Current  Supply  capable 
of  delivering  up  to  100  mA  controlled  to 
better  than  1  p.p.m.  over  long  periods. 
Stabilization  is  achieved  by  comparison  of 
the  potential  developed  across  a  standard 
resistor  with  the  e.m.f.  of  a  standard  cell 
at  the  input  of  the  high  gain  chopper  am¬ 
plifier  producing  the  current.  A  similar 
supply  delivering  200  mA  maximum  forms 
the  basis  of  the  Nortronics  Pulse  Torquing 
system,  in  which  closed  or  open  loop 
modes  may  be  employed  with  selected  pulse 
heights  and  widths.  Widths  are  adjustable 
in  ^  microsecond  steps,  locked  to  the 
Motorola  frequency  standard. 


The  final  gyro  requirement  is  temperature 
control.  For  this  purpose  a  British  Aircraft 
Corporation  gyro  temperature  controller  is 
used.  This  was  developed  specifically  for  use 
with  the  British  S.I.N.S.  gyro  and  is  capable 
of  maintaining  a  gyro  temperature  steady  to 
better  than  0*01  °C. 

(iv)  Monitoring  facilities.  In  the  interests  of  being 
convinced  that  the  gyro  alone  is  responsible 
for  the  results  ensuing,  UPTE  is  endowed 
with  a  considerable  capacity  for  monitoring. 
An  8-channel  Brush  pressurized-ink  re¬ 
corder,  with  variable  gain  pre-amplifiers,  is 
used  to  monitor  continuously  eight  functions 
which  should  remain  constant  throughout 
a  given  test.  These  are  normally  input  mains 
and  stabilized  mains  voltages,  supply  vol¬ 
tages  to  the  wheel  (phase  A  and  C),  the 
pick-off  and  Inductosyn,  wheel  power  and 
servo  null  voltage.  To  achieve  a  high  sen¬ 
sitivity  in  these  monitors,  Nortronics  zero- 
suppression  devices  are  fitted  which 
accurately  back-off  the  major  part  of  the 
function.  For  example  the  wheel  phase  vol¬ 
tage  monitors  are  normally  run  with  89-9 
volts  suppressed,  allowing  the  5  cm  full 
scale  chart  record  to  correspond  to  0*2  volt. 
In  this  way  variations  of  0005  volt  in  90 
may  be  easily  detected. 

In  addition  to  the  Brush  recorder  for 
monitoring  functions  expected  to  remain 
constant  to  a  high  degree  of  precision, 
Varian  six-inch  chart  recorders  (of  the 
pressure-sensitive  paper  type)  monitor  con¬ 
tinuously: 

the  Constant  Current  Generator  output 
(chart  sensitivity  4  parts  in  106/inch) 
Gyro  environmental  temperature 
(0-05°C/inch) 

Table  air  supply  temperature  (0T°C/ 
inch) 

Table  level  in  the  E-W  and  N-S  planes, 
based  on  Taylor-Hobson  Talyvels  (10  are 
sec /inch). 
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A  small  recorder  forms  part  of  a  Hewlett- 
Packard  VLF  comparator  giving  a  record 
of  phase  difference  between  the  60  KHz 
transmission  of  M.S.F.,  Rugby  (received  via 
a  loop  antenna  on  the  roof)  and  the  Motorola 
frequency  standard.  Any  selected  frequency 
may  be  monitored  by  a  Hewlett-Packard 
counter  and  digital  print-out.  Since  all  gyro 
supply  frequencies  are  locked  to  the  system 
standard  there  is  no  point  in  monitoring 
these  against  the  less  accurate  crystal  in  the 
counter.  The  usual  duty  of  the  counter  is 
to  monitor  the  Table  Rate  Command  side¬ 
real  crystal  against  the  system  standard. 

For  occasional  meter-checking  a  large 
number  of  test  points  is  arranged  at  the 
Table  top.  These  are  rarely  used,  except  for 
fault  diagnosis  and  setting-up,  since  the 
connection  of  test  leads  would  cause 
mechanical  disturbances  of  the  servo-con¬ 
trolled  platform. 

A  prime  requirement  of  a  high  precision 
installation  is  that  the  constant  currents, 
used  for  torque  generator  energization, 
should  be  accurately  known.  Although  the 
Julie  Constant  Current  Generator  maintains 
an  empirically  pre-set  current  steady  to 
within  1  p.p.m.,  the  absolute  magnitude  of 
that  current  must  be  determined  by  other 
means.  For  this  purpose  banks  of  Eppley 
saturated  standard  cells  and  resistors  pro¬ 
vide  references.  These  are  immersed  in  a 
large  oil  bath  temperature  controlled  at 
28*0  zt  0*02°C.  A  Julie  high  precision  poten¬ 
tiometer  and  potential  divider  complete  the 
D.C.  measuring  system,  which  has  an  accur¬ 
acy  of  0*1  p.p.m. 

To  complete  the  profusion  of  monitoring 
equipment,  IJPTE  is  fitted  with  Hewlett- 
Packard  Valve  Voltmeter,  Digital  Voltmeter 
with  print-out  and  Oscilloscope  with  camera. 
With  such  a  wealth  of  information  on  the 
stability  of  gyro  supplies  and  environment, 
the  operator  may  begin  to  have  confidence 
that  what  he  calls  “gyro  performance”  is 
just  that. 

(v)  Read-out  system.  Different  test  modes 
require  different  read-out  methods.  There 
is  no  point  in  attempting  to  time  table  rota¬ 
tion  over  10  degree  intervals  if  the  gyro  is 
being  compensated  to  hold  the  table  station¬ 
ary.  Conversely,  attempts  to  chart  record 
table  position  will  be  fruitless  if  the  loop  is 
subject  to  an  earth  rate  command.  UPTE 
has  the  ability  both  to  time  table  rotation 
and  to  record  table  position. 

Both  read-outs  are  developed  from  the 
Table’s  720-pole  Inductosyn.  This  is  ener¬ 


gized  at  10  KHz  from  the  Position  and  Rate 
Command  unit  which  also  houses  pick-off 
resolvers  linked  to  the  Inductosyn.  These 
give  cross-over  points  at  each  half  degree 
of  table  rotation,  and  yield  a  display  of 
Table  position  on  a  10  inch  precision  vernier 
dial  and  a  meter  calibrated  in  arc  seconds. 
The  demodulated  Inductosyn  output  is  linear 
over  zh  3  arc  minutes  about  each  null  and 
is  in  a  form  suitable  for  display  on  an  Ester- 
line-Angus  recording  milliammeter  or  the 
Hewlett-Packard  D.V.M.  Three  sensitivity 
ranges  are  available  giving  fractions  of  an 
arc  minute  for  full  scale  recorder  deflection. 
To  prevent  loss  of  information  by  off-scale 
readings  an  automatic  Inductosyn  re-null 
device  operates.  As  full  scale  is  approached 
the  earth  rate  drive  is  engaged  to  re-position 
the  resolver  rotor  in  the  Position  and  Rate 
Command  unit.  This  is  effectively  a  phan¬ 
tom  follow-up  system  which  in  no  way 
affects  the  Table  or  the  test  in  progress. 

For  operations  in  which  the  Table  is  not 
held  to  a  nominal  zero,  the  Inductosyn  null 
points  are  used  to  trigger  a  timer  slaved  to 
the  standard  frequency  source.  The  times 
elapsed  between  successive  1,  10,  36  or  360 
degree  marks  are  displayed  and  printed  in 
units  of  0*1  milli-second  with  a  maximum 
total  error  of  0*012%.  One  slight  disadvan¬ 
tage  of  the  Inductosyn  read-out  system,  in 
contrast  to  an  optical  device,  is  that  there  is 
no  unique  Table  zero.  Each  null  reading  is 
a  mean  of  all  720  cross-overs.  Ambiguity  is 
avoided,  however,  since  the  outer  rim  of  the 
26  inch  Table  top  is  marked  in  ^  degrees, 
with  a  vernier  reading  to  1  arc  minute.  Small 
movements  of  the  Table  through  accurately 
repeatable  angles  are  made  possible  by  the 
use  of  a  pair  of  adjustable  stops  and  a  fric¬ 
tion  clamp  toggle,  resulting  in  a  useful 
facility  for  calibrations  involving  small 
angular  movements. 

Other  read-outs  are  necessary  in  some  tests 
which  are  not  related  to  Table  angle  or 
rotation  rate.  For  example,  when  the  gyro  is 
subjected  to  pulse  torquing  it  is  necessary 
to  have  a  record  of  pulse  counts  in  selected 
time  intervals.  This  information  is  printed 
as  required.  Again,  when  UPTE  is  run  in 
the  gyro  rate  loop  rather  than  the  Table 
servo  mode,  the  Esterline-Angus  recorder 
may  be  used  to  record  torque  generator  cur¬ 
rent.  An  electronic  integrator  is  useful  for 
the  amplification  of  very  small  varying  cur¬ 
rents,  and  can  be  read,  discharged  and  re¬ 
started  at  the  command  of  pre-set  timers. 


(vi)  Calibrations.  Although  11PTE  has  facilities 
for  cross  checking  and  internal  relative  cali¬ 
brations,  it  is  essential  that  the  internal  stan¬ 
dards  be  compared  with  International 
standards.  The  UPTE  frequency  standard  is 
being  monitored  continuously  against  the 
MSF  transmission.  Published  figures  show 
that  this  in  turn  is  checked  against  the 
N.P.L.  caesium  standard  and  is  rarely  in 
error  by  more  than  two  parts  in  1011 
Frequency,  and  therefore  time,  is  the  easiest 
of  functions  to  calibrate.  It  is  a  pity  that 
an  antenna  cannot  be  erected  to  receive 
standard  cell  calibrations.  UPTE  has  dupli¬ 
cate  banks  of  standard  cells  and  resistors 
each  with  a  calibration  certificate  from  the 
National  Bureau  of  Standards,  Washington. 
It  is  intended  to  send  the  non -duty  set  to 
the  N.P.L.  for  re-calibration  on  a  regular 
basis. 

In  all  types  of  test  and  usage  the  gyro  is 
subject  to  an  input  due  to  the  earth  rate 
component  along  its  input  axis.  It  is  impor¬ 
tant  for  accurate  testing  and  calibration  to 
know  exactly  what  this  component  is.  This 
is  equivalent  to  stating  that  the  direction  of 
the  earth’s  axis,  and  the  angle  between  it 
and  the  gyro  input  axis  in  any  test,  must  be 
accurately  known.  An  uncertainty  of  1  arc 
minute  could  result  in  errors  of  0*003 
deg/ hour  in  an  input  axis  vertical  drift  run. 
To  achieve  alignment  accuracy  of  the  Table 
axis,  and  the  gyro  input  axis,  an  optical 
window  suitably  positioned  in  the  laboratory 
roof  allows  direct  sightings  of  the  Pole  star 
to  be  made.  The  elevation  of  Polaris,  deter¬ 
mined  by  theodolite,  gives  an  accurate  value 
of  latitude,  whilst  from  the  same  sighting, 
northerly  heading  is  transferred  directly  to 
the  Table  via  an  optical  cube. 

(vii)  Versatility.  Although  there  are  only  two  basic 
modes  of  operation,  there  are  numerous 
ways  in  which  conditions  can  be  varied  to 
produce  information  of  the  particular  type 
required.  The  servo-axis  is  capable  of  orien¬ 
tation  in  any  direction  with  respect  to  the 
earth’s  axis.  The  controlled  member  may  be 
driven  at  a  variety  of  speeds,  held  rigidly 
steady  or  slaved  to  the  gyro  output  signal, 
and  the  gyro  may  be  subjected  to  calibrated 
variations  of  supply  and  environmental  con¬ 
ditions.  A  wide  choice  of  supplies  gives 
UPTE  the  capability  of  handling  any  known 
single-degree-of-freedom  gyro.  In  fact 
UPTE  comes  very  close  to  being  the  all¬ 
singing,  all-dancing  equipment  of  the  gyro 
engineer’s  dream. 
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The  Uses  of  UPTE 

By  way  of  example  of  the  methods  of  operation 
of  UPTE,  Figs.  5  and  6  show  functional  block 
diagrams  for  two  major  test  modes.  In  each  case 
supplies  and  read-out  devices  are  depicted  by 
rectangular  blocks,  and  monitoring  systems  by 
circles.  For  completeness,  alternative  read-outs  are 
given  where  applicable. 

The  test  illustrated  by  Fig.  5  is  the  Input  Axis 
Vertical  Drift  mode,  in  which  the  Servo  Table  is 
slaved  to  gyro  output  in  a  null-seeking  servo.  In 
this  attitude  the  gyro  is  subject  to  an  input  due  to 
the  vertical  component  of  earth  rate  (approxi¬ 
mately  11*7  deg/hour  at  the  latitude  of  A.C.O.) 
which  would  normally  result  in  the  rotation  of  the 
Table  with  respect  to  the  earth.  By  the  injection 
of  steady  D.C.  levels,  or  pulse  trains,  to  the  gyro 
torque  generator,  the  Table  rate  may  be  reduced 
to  zero  or  set  to  some  other  desired  value.  Result¬ 
ing  Table  motion  may  be  recorded  on  the  Ester- 
line-Angus  chart  recorder  and  D.V.M.  (for  nom¬ 
inally  zero  rates)  or  on  the  American  Optical 
Position  and  Rate  Read-out  (for  non-zero  Table 
rates).  This  mode  is  a  popular  one  since  Table 
balance  is  unimportant  and  since  the  gyro  does 
not  see  any  change  in  gravity  orientation.  Long 
term  gyro  drift  may  be  studied  by  adjusting  the 
constant  current  to  the  torque  generator  to  balance 
the  earth  rate  input.  Subsequent  Table  movement 
gives  a  measure  of  drift.  Alternatively,  constant 
currents  may  be  selected  to  result  in  Table  rota¬ 
tion  rates  of  say  20,  10,  —10,  —20  deg/hour. 
Time  intervals  for  successive  degrees  of  rotation 
give  information  from  which  torque  generator 
scale  factor  and  input  axis  misalignment  may  be 
determined.  By  using  the  same  circuit  connections 
and  merely  re-positioning  the  Table  servo-axis  in 
certain  cardinal  directions,  the  magnitudes  of  all 
the  gyro  unbalance  coefiicients  may  be  determined. 
This  mode  is  also  most  suitable  for  the  study  of 
the  effects  of  changes  in  gyro  supply  and  environ¬ 
mental  conditions. 

Fig.  6  illustrates  the  arrangement  for  the  test 
known  variously  as  the  Polar  axis.  Tumble  or 
Torque  to  Balance  mode.  In  this  type  of  test  the 
gyro  output,  rather  than  input,  axis  is  aligned 
parallel  to  the  Table  axis  and  the  gyro  is  con¬ 
nected  in  rate  loop,  i.e.  the  gyro  output  signal  is 
amplified  to  provide  torque  generator  current  to 
hold  a  null  signal.  This  current  gives  a  measure 
of  the  input  rate  to  the  gyro  plus  any  gyro  drift. 
In  the  attitude  illustrated,  however,  in  which  the 
output  axis  is  parallel  to,  and  therefore  input  axis 
perpendicular  to  the  earth’s  axis,  the  gyro  is  not 
subject  to  any  earth  rate  input.  Torque  generator 
current  is  then  a  measure  of  gyro  drift  alone.  It 
is  customary  in  this  test  to  drive  the  Table  for 
several  revolutions  clockwise  and  then  counter- 
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DRIFT  MODE 


FIG.  5.  Functional  block  diagram:  Input  axis  vertical 
Drift  Test. 


TUMBLE  OR  TORQUE  TO  BALANCE  MODE 


FIG.  6.  Functional  block  diagram:  Output  axis  parallel 
to  Table  axis  Tumble  Test. 
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clockwise  at  about  120  deg/hour.  The  recorded 
torque  generator  current  not  only  yields  values  of 
gyro  parameters  for  each  revolution  but  gives  a 
measure  of  how  stable  these  parameters  remain 
from  one  revolution  to  another.  This  is  a  rela¬ 
tively  rapid  test  useful  as  a  check  of  parameters, 
although  it  is  somewhat  unrealistic  from  a  user’s 
point  of  view. 

There  is  so  much  not  yet  understood  about 
S.l.N.S.  gyro  performance  that  UPTE  can  look 
forward  to  continuous  use.  The  study  of  the  effects 
of  variations  of  gyro  and  ambient  temperatures, 
of  draughts  and  magnetic  fields,  high  and  low 
pressures,  cold  storage,  shelf  life,  stability  of 
torque  generator  scale  factors  and  mass  unbalance 
coefficients,  unbalanced  wheel  voltages,  eccentric 
gimbal  suspension,  high-rate  torquing — these  and 
many  other  items  struggle  for  a  place  in  the 
priority  list  for  time  on  UPTE. 
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A.  B.  WOOD  MEDAL  AND  PRIZE 

The  Institute  of  Physics  and  The  Physical  Soeiety  have  announced 
the  establishment  of  a  new  Award  to  be  known  as  the 

A.  B  WOOD  MEDAL  AND  PRIZE 

The  Award  will  be  made  for  distinguished  work  in  physical  sciences 
associated  with  the  sea  and  particularly  underwater  acoustics. 

Candidates  must  be  under  30  years  of  age  in  the  year  of  the  award 
and  be  citizens  of  the  United  Kingdom  or  the  U.S.A. 

The  Award,  which  will  be  annual,  will  consist  of  a  silvergilt  medal,  a 
parchment  scroll  and  a  cash  prize  of  25  guineas. 

Albert  Beaumont  Wood,  O.B.E.,  D.Sc.,  R.N.S.S.  died  in  July  1964 
after  a  career  of  nearly  50  years  in  Naval  Seienee  during  which  time  he 
was  responsible  for  numerous  distinguished  innovations  and  developments 
in  physical  measurements  and  equipment  relating  to  the  sea. 

In  1965  it  was  proposed  by  former  colleagues  on  both  sides  of  the 
Atlantic  that  there  should  be  a  memorial  to  Dr.  Wood  and  a  sum  of 
money  was  collected  for  this  purpose.  Subsequently  the  Council  of  the 
Institute  and  Society  was  asked  by  C. R.N.S.S.  to  adminster  the  Award  and 
this  was  readily  agreed. 
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THE  INTERNATIONAL  ELECTROTECHNICAL 
COMMISSION 

Its  Purpose,  Organisation  and  Procedures 


H.  Lewis,  R.NJ5.S. 
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Not  infrequently,  a  reference  to  the  letters 
“  I.E.C.  ”  evokes  the  question — “  What  is  I.E.C., 
what  does  it  do  and  what  is  the  value  of  its 
work  ?”  The  short  answer  is  that  I.E.C. — The 
International  Electrotechnical  Commission — is  an 
organization  whose  function  is  to  co-ordinate  the 
production  and  publication  of  documents  on  sub¬ 
jects  in  the  field  of  electrotechnology  with  the  aim 
of  achieving  unification  of,  and  hence  rationaliza¬ 
tion  of,  similar  products  as  manufactured  and 
used  among  its  member  countries. 

The  need  for  rationalization  and  unification  of 
equipment,  machines  and  their  component  parts 
in  the  present  day  world  is  a  subject  which  gives 
rise  to  differing  points  of  view  and  argument 
according  to  the  needs  and  experiences  of  users. 
All  such  arguments  have  their  elements  of  logic 
but  there  is  little  doubt  that,  for  the  purpose  of 
construction  and  maintenance  of  equipment  for 
world-wide  use,  there  is  a  sound  case  for  being 
able  to  obtain  any  component  part  in  any  locality 
with  the  knowledge  that  such  parts  will  fit  and 
work.  This  aspect  applies  equally  to  both  military 
and  industrial  supply  and  maintenance  organiza¬ 
tions  wherever  they  are  located.  If  maintenance 
components  are  not  readily  available  on  the  spot 
at  a  given  moment  of  need,  it  is  obviously  advan¬ 
tageous  to  be  able  to  obtain  a  useable,  inter¬ 
changeable  part  from  other  local  sources. 


It  is  hoped  that  the  following  outline  descrip¬ 
tion  of  the  activities  and  procedures  of  the  Com¬ 
mission  will  indicate  what  is  involved  in  the  con¬ 
siderable  amount  of  work  being  undertaken  by 
I.E.C.  in  this  respect.  The  information  given  is 
based  on  experience  gained  largely  in  one  special¬ 
ized  field  and  therefore  the  practices  and  pro¬ 
cedures  described  may  not  be  the  same  as  those 
for  other  fields  where  different  procedures  may 
be  more  appropriate. 

The  Commission 

The  International  Electrotechnical  Commission 
was  founded  in  1904  and  its  first  formal  statutes 
were  prepared  and  adopted  in  1908.  In  1947  it 
became  affiliated — as  the  Electrical  Division — 
with  the  International  Organization  for  Standard¬ 
ization  (I.S.O.).  The  statutes  and  rules  of  procedure 
were  revised  and  expanded  in  June  1949  and  with 
minor  amendments  continue  to-day.  There  are  at 
present  some  40  member  countries  of  I.E.C.  from 
all  parts  of  the  world. 

The  object  of  the  Commission  is  “  to  facilitate 
the  co-ordination  and  unification  of  National 
Electrotechnical  Standards  not  already  covered 
by  any  other  recognized  international  organiza¬ 
tion.”  This  is  achieved  by  the  preparation  and 
publication  of  documents  in  the  form  of  “  recom¬ 
mendations.”  These  express  as  nearly  as  possible 
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“  an  international  consensus  of  opinion  on  the 
subject  aimed  at  harmonizing  the  national  stan¬ 
dards  of  member  countries  so  far  as  conditions 
will  permit  Such  documents  are  recommenda¬ 
tions  only;  they  are  not  usually  useable  as  pur¬ 
chasing  specifications,  and  are  intended  to  “  assist 
technical  understanding  and  agreement  between 
a  manufacturer  and  his  customer 

The  Central  Office  of  the  I.E.C.  is  located  in 
Geneva,  Switzerland.  The  overall  operation  of  the 
Commission  is  administered  by  a  Council  of 
National  representatives.  The  technical  work  of 
the  Commission  is  administered  by  a  Committee 
of  Action  which  supervises  the  programmes  and 
work  of  a  group  of  Technical  Committees  of 
experts  appointed  to  deal  with  specific  subjects 
within  the  scope  of  the  Commission.  Some  sixty 
committees  have,  at  various  times,  been  convened 
to  prepare  recommendations  on  specialist  subjects 
within  specific  fields  of  interest.  TTiese  committees 
are  then  disbanded  or  put  in  abeyance  when  the 
work  within  their  scope  is  completed.  Any  I.E.C. 
member  country  may  nominate  specialist  dele¬ 
gates  to  take  part  in  these  committees. 

National  Responsibilities 

Each  member  country  of  I.E.C.  has  a  central 
National  body  to  undertake  the  co-ordination  and 
supervision  of  its  work  within  that  country.  In  the 
U.K.  the  National  body  is  the  British  Standards 
Institution.  Among  the  responsibilities  of  this 
body  is  the  distribution  of  international  docu¬ 
ments,  co-ordination  of  national  proposals  and 
comments  (usually  by  means  of  committees  of 
experts  on  each  subject)  and  general  liaison  with 
I.E.C.  With  the  approval  of  the  Committee  of 
Action,  such  National  bodies  also  undertake  the 
secretarial  duties  for  the  various  I.E.C.  technical 
committees. 

Technical  Committee  Meetings 

It  is  usual  for  each  Technical  Committee  to 
meet  once  a  year.  In  some  instances  Sub¬ 
committees  or  smaller  Working  groups  may  be 
set  up  to  meet  more  frequently  to  undertake 
special  projects  to  speed  up  the  work  of  a  tech¬ 
nical  committee.  The  I.E.C.  Central  Office 
arranges  an  annual  General  Meeting  which 
includes  as  many  of  the  Technical  Committees 
as  can  be  accommodated  at  the  selected  location. 
Alternative  arrangements  are  made  for  meetings 
of  those  Technical  Committees  not  included  in 
the  programme.  The  activities  and  progress  of  the 
programmes  of  all  Technical  Committees  are 
examined  and  reviewed  each  year  by  the  Com¬ 
mittee  of  Action  when  additions  and  amendments 
to  the  programmes  are  made  as  may  be  found 


necessary.  The  Committee  of  Action  is  further 
advised  by  its  Advisory  Committee  on  Electronics 
and  Telecommunications  (A.C.E.T.).  This  is  a 
group  consisting  of  the  Chairmen  (and  their  sec¬ 
retaries)  of  all  the  Technical  Committees.  It 
meets  when  necessary  to  discuss  mutual  problems 
on  joint  collaboration  and  any  matters  of  organ¬ 
ization  etc.  on  which  all  Technical  Committees 
and  the  Committee  of  Action  should  be  informed. 

Preparation  of  LE.C.  Documents 

Any  member  country  may  put  forward  an 
initial  proposal  for  a  subject  to  be  considered  for 
publication  as  an  I.E.C.  recommendation.  An  out¬ 
line  proposal  is  circulated  for  examination  by 
each  country  (c.g.  the  appropriate  B.S.I.  com¬ 
mittee)  so  that  opinions  on  the  suitability  of  the 
subject  are  submitted  to  the  Secretariat  of  the 
relevant  Technical  Committee.  If  there  is  a 
majority  opinion  in  favour  of  the  proposal  the 
Secretariat  issues  the  complete  proposal  as  a 
formal  document,  in  I.E.C.  format,  for  detailed 
consideration  by  all  member  countries.  The  full 
text  and  any  comments  by  member  countries 
are  then  discussed  at  the  next  meeting  of  the 
appropriate  Technical  Committee.  When  the  de¬ 
tailed  text  has  been  reviewed  and  accepted  by  the 
Technical  Committee  it  is  re-issued  in  its  final 
edited  form,  by  the  I.E.C.  Central  Office  for 
approval  and  ratification  by  the  National  Author¬ 
ities  of  the  member  countries.  This  is  known  as  a 
“Six  Months  Rule  Document  ”  because  approval 
or  otherwise  must  be  registered  to  the  I.E.C. 
Central  Office  within  six  months  of  the  date  of 
issue.  If  more  than  four-fifths  of  the  member 
countries  approve  the  contents  and  form  of  the 
document  it  is  published  as  an  I.E.C.  recommenda¬ 
tion.  Supplies  of  the  final  publications  are  then 
made  available  in  quantity  to  member  countries. 
If  and  when  deemed  necessary,  an  I.E.C.  publica¬ 
tion  may  be  revised  or  amended  to  ensure  that  it 
is  kept  up  to  date  with  current  practice. 

Some  Practical  Aspects  and  Results 

The  field  in  which  the  author  has  been  involved 
for  some  time  is  that  of  Electronic  Valves  (now 
known  almost  universally  as  “Electron  Tubes”). 
The  I.E.C.  committee  concerned  with  this  field, 
TC-39,  was  initiated  in  1952  as  one  of  several 
specialist  subject  committees  in  the  field  of  Com¬ 
munications,  Radar  and  Audio  equipment.  TC-39 
quickly  became  involved  in  an  extensive  pro¬ 
gramme  of  requirements  for  “  Recommendations  ” 
on  all  aspects  of  measurement  on  electronic  valves 
for  use  in  a  variety  of  applications.  The  pro¬ 
gramme  was  at  first  sub-divided  for  convenience 
into  two  groups  of  work: — 
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(1)  Preparation  of  compatibility  data  on 
Physical  Dimensions  of  Electronic  Valve 
Outlines,  Basis,  Caps  and  Holders. 

(2)  Methods  of  measurement  of  electrical  char¬ 
acteristics  of  electronic  valves. 

The  work  on  (1)  Physical  Dimensions  was 
evolved  from  existing  National  data  available 
from  several  countries  and  made  very  rapid  pro¬ 
gress  which  resulted  in  the  issue  of  a  document 
entitled  “  I.E.C.  Publication  67 — Dimensions  of 
electronic  tubes  and  valves.”  Many  additions  and 
revisions  have  since  been  made  to  this  document 
and  it  is  now  a  comprehensive  volume  containing 
details  of  almost  all  known  data  required  to 
ensure  physical  interchangeability  and  compat¬ 
ibility  between  valves  made  by  all  I.E.C.  member 
countries.  The  data  contained  in  this  publication 
is  published  nationally  by  most  countries  for  their 
internal  use.  It  is  contained  in  the  British  Stan¬ 
dards  Z?.S.448  Dimensions  of  Electronic  Tubes  and 
Valves. 

The  work  on  (2)  Measurement  of  Valve  Char¬ 
acteristics  has,  not  unexpectedly,  been  more  diffi¬ 
cult  and  progress  has  been  slower.  Documents  on 
electrical  measurements  on  receiving  and  trans¬ 
mitting  tubes  have  been  completed  and  issued  in 
“I.E.C.  Publication  151 — Measurements  of  the 
Electrical  Properties  of  Electronic  Tubes  and 
Valves  Fifteen  sections  have  already  been  pub¬ 
lished. 

(a)  Precautions  relating  to  Methods  of  Meas¬ 
urement. 

(b)  Methods  of  Measurement  on: — 

1.  Electrode  Currents. 

2.  Heater  or  Filament  Current. 

3.  Equivalent  Input  and  Output 
Admittances. 

4.  Noise  Factor. 

5.  Hiss  and  Hum. 

6.  Application  of  Mechanical  Shock 
Excitation. 

7.  Equivalent  Noise  Resistance. 

8.  Cathode  Heating  Time  and  Heater 
Warm-up  Time. 

9.  Cathode  Interface  Impedance. 

10.  Audio  Frequency  Output  Power  and 
Distortion. 

11.  Radio  Frequency  Output  Power. 

12.  Electrode  Resistance,  Transconduct¬ 
ance,  Amplification  Factor,  Conversion 
Resistance  and  Conversion  Transcon¬ 
ductance. 

13.  Emission  Current  from  Hot  Cathodes. 

14.  Radar  and  Oscilloscope  Cathode  Ray 
Tubes. 

15.  Spurious  and  Unwanted  Electrode 
Currents. 


A  further  10  sections  are  in  various  stages  of 
preparation  for  publication,  Methods  of  Measure¬ 
ment  on: — 

1.  Corona  Stabilizer  Tubes. 

2.  Noise  caused  by  Mechanical  or 
Acoustic  Excitations. 

3.  Gas-filled  Tubes  (General  Measure¬ 
ments). 

4.  Display  Tube  Resolution. 

5.  Cross-modulation  Effects. 

6.  Television  Picture  Tubes. 

7.  Thyratron  Pulse  Modulators. 

8.  Vacuum  Pulse  Modulators. 

9.  Gieger-M uller  Counter  Tubes. 

10.  Dimensions  of  new  14-pin  Glass  Base. 

Work  currently  in  hand  by  TC-39  is  largely  in 
the  area  of  measurements  on  Electro-Optical  and 
Light  Sensitive  Devices  such  as  cathode  ray  stor¬ 
age  tubes,  light  conversion  tubes,  photo  tubes, 
camera  tubes  and  alpha-numerical  indicator 
tubes. 

To  further  expedite  the  work  of  TC-39,  a  sub¬ 
committee  (SC-39A)  was  formed  in  1965  to  under¬ 
take  the  preparation  of  documents  on  measure¬ 
ments  of  microwave  tubes.  The  results  of  the 
efforts  of  this  sub-committee  should  begin  to 
become  available  during  the  forthcoming  year. 
They  will  consist  of  publications  similar  to  those 
listed  above  but  applicable  to  the  field  of  micro- 
wave  tubes. 

Other  detailed  documents  have  been  prepared 
and  published  as  recommendations  to  assist  both 
the  manufacturer  and  the  users  of  electronic 
valves  on  such  subjects  as: — 

Methods  of  Measurement  of  direct  interelec¬ 
trode  capacitances  of  electronic  tubes 
and  valves. 

Rating  systems  for  electronic  tubes  and 
valves. 

Standard  numbering  of  electrodes  and  units 
in  electronic  tubes  and  valves. 

Designation  of  deflecting  electrodes  of 
cathode  ray  tubes. 

A  further  need  arising  from  the  work  of  each 
Technical  Committee  is  that  of  ensuring  that  any 
subject  that  might  be  of  interest  to  other  com¬ 
mittees  is  fully  co-ordinated  between  the  inter¬ 
ested  parties,  e.g.  Environmental  conditions  of 
use  or  special  measurements  to  assist  reliability. 
For  light-sensitive  devices,  close  collaboration  is 
necessary  between  I.E.C.  and  the  corresponding 
body  (International  Commission  on  Illumination 
(C.I.E.) )  which  deals  with  detailed  aspects  of 
light  measurements. 

Another  field  to  which  it  has  been  found  essen¬ 
tial  to  give  special  consideration  is  that  of  stan¬ 
dard  Terms  and  Definitions.  I.E.C.  have  produced 
an  International  Electrotechnical  Vocabulary — 
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Publication  No.  50.  This  document  is  issued  in 
many  separate  sections  each  produced  and  agreed 
by  the  relevant  specialist  sub-committee.  The 
section  (07)  on  Electronic  Valves  is  currently 
undergoing  a  complete  review  to  bring  it  up  to 
date.  The  Terms  and  Definitions  contained  in 
this  document  are  a  consensus  of  recommenda¬ 
tions  from  various  countries.  They  have  been 
drafted  with  considerable  care,  in  both  official 
languages,  in  an  endeavour  to  ensure  that  they 
are  unambiguous  and  are  fully  understandable  to 
all  member  countries.  Thus  these  terms  can  be 
used,  directly  or  by  cross-reference,  in  technical 
information  documents  or  in  purchasing  specifica¬ 
tions  with  the  knowledge  that  misinterpretation 
of  the  technical  meaning  is  unlikely  to  occur. 

All  I.E.C.  publications  are  issued  in  bilingual 
(English/French)  form.  Many  countries  obtain 
quantities  direct  from  the  Commission  for  re-sale 
unchanged  to  users.  Other  countries  reprint  the 
I.E.C.  document  in  their  own  National  form  (e.g. 
B.S.I.  issue  some  as  British  Standards)  and  these 
are  obtainable  from  the  sales  department  of  the 
national  organization.  The  users  of  these  publica¬ 
tions  are  sometimes  surprisingly  varied,  i.e.  Manu¬ 
facturers  and  Users  of  electronic  parts.  Educa¬ 
tion  bodies  and  similar  organizations.  Technical 
Reference  Libraries  and  Public  Service  Depart¬ 
ments  to  name  but  a  few. 

Use  of  I.E.C.  Publications  and  British  Standards 

by  UJC.  Services 

In  the  field  of  electronic  valves  use  has  been 
made  of  British  Standards  for  many  years.  British 


Services  Technical  Specifications  and  Documents 
have  made  direct  or  indirect  use  of  these  for 
features  such  as  Physical  Dimensions,  Capacit¬ 
ance  Measurements,  Photometric  Data,  Material 
Qualities  and  Finishes  etc .  In  the  new  system  now 
being  formulated  for  British  Common  Standards 
for  Electronic  Parts  all  published  documents 
including  specifications  for  use  by  the  Services,  will 
be  issued  as  British  Standards  and  most  of  the 
material  content  will  be  derived  from  detailed 
information  originating  in  the  work  of  I.E.C. 
Similarly,  technical  specifications  now  nearing 
final  acceptance  for  military  use  by  N.A.T.O. 
countries  have  been  compiled  to  a  very  large 
extent  from  details  and  data  contained  in  the 
appropriate  I.E.C.  publications. 

There  is  no  doubt  that  the  use  and  application 
of  I.E.C.  Recommendations  can  now  be  shown 
to  have  resulted  in  appreciable  unification  and 
improvement  in  both  equipment  and  parts  in 
respect  of: — 

(a)  Technical  performance  and  interchange- 
ability. 

(b)  Overall  quality. 

(c)  Physical  and  mechanical  compatibility. 

(d)  Environmental  operation. 

Achievements  in  these  respects,  although  the 
full  extent  is  not  yet  known,  give  at  least  some 
indication  that  the  effort  and  cost  involved  in 
producing  I.E.C.  publications  appears  to  be  well 
worth  while. 


M.  H.  OLIVER,  Ph.D.,  B.Sc.,  D.I.C.,  C.Eng.,  A.C.G.I.,  A.M.I.E.E. 

Dr.  Martin  Hugh  Oliver,  Head  of  the  Radio  Department  at  the  Royal  Aircraft 

Establishment,  has  been  promoted  to  Acting  Chief  Scientific  Officer  and  appointed 
Superintendent,  Services  Electronics  Research  Laboratory,  Baldock,  Herts,  as  from 
26th  August,  1968. 

Dr.  Oliver  began  his  education  at  Kings  School,  Peterborough  and  went  from  there  to 
Imperial  College,  where  he  gained  a  B  Sc.  with  1st  Class  Honours  in  1935.  His  Ph  D.  was 
awarded  in  1939  for  a  thesis  on  “  Measurements  in  Connection  with  Electrical  Surge 

Phenomena  ”. 

During  the  early  war  years  Dr.  Oliver  worked  in  the  Radio  Department  at  the  National 

Physical  Laboratory  where  he  carried  out  research  on  radio  frequency  cables  and  the 

measurement  of  impedance  and  frequency. 

Joining  the  Telecommunications  Research  Establishment  in  1943  he  became  involved 
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Superintendent,  Offensive  Radar  at  the  Royal  Radar  Establishment.  Dr.  Oliver  was  appointed 
Head  of  the  Radio  Department  at  the  Royal  Aircraft  Establishment  in  1965. 


304  J.R.N.S.S.,  Vol.  23,  No.  5 


SOME  NEW  COMPUTER  APPLICATIONS 
IN  THE  R.N.S.S. 


D.  R.  Jarman,  B.Sc.(Eng.),  M.I.E.E.,  GEng.,*  R.N5.S. 

Department  of  Naval  Physical  Research 


Introduction 

In  August  1965,  a  Panel  was  set  up  by  Chief 
Scientist  (R.N.)  to  review  policy  for  scientific 
computers  in  the  Navy  Department.  This  Panel 
issued  a  report  during  1966  in  which  it  made 
certain  recommendations.  One  of  the  recommen¬ 
dations  was  that  a  permanent  review  body  should 
be  set  up  “  to  supervise  the  future  requirements 
of  the  Navy  Department  in  this  field 

As  a  result  of  this  recommendation,  the  per¬ 
manent  review  body,  known  as  the  “  Navy 
Department  Scientific  Computing  Panel  ”,  was  set 
up  in  September  1967  and  held  its  first  meeting 
during  October.  The  membership  of  this  panel 
includes  representatives  of  the  major  scientific 
computer  users,  i.e.  ASWE,  AUWE,  NCRE  and 
ARL,  together  with  O  &  M(N)  and  RDF(N).  The 
Chairman  and  Secretary  are  provided  by  DNPR. 
The  terms  of  reference  are  the  following: 

1.  To  keep  under  continuous  review  the  scientific 
computing  needs  of  Navy  Department  and 
recommend  how  they  are  to  be  met.  The 
panel  should  not  only  examine  current 
requirements  and  their  probable  expansion 
but  should  maintain  a  constant  survey  of  new 
developments  in  computer  science  and  their 
likely  effect  on  future  policy.  If  need  be  it 
should  recommend  any  steps  it  considers 
necessary  within  the  Navy  Department  for 
the  exploration  of  new  techniques. 

2.  Scientific  computing  requirements  within 
Navy  Department  will  be  referred  to  the  panel 
for  consideration,  and  if  necessary  co-ordin¬ 
ation,  from  their  earliest  stages.  The  panel 


should  also  recommend  the  development  and 
implementation  of  computer  applications  that 
it  itself  considers  necessary  in  addition  to 
those  already  included  in  establishment 
programmes. 

3.  Implementation  of  the  panel’s  recommenda¬ 
tions  will  be  carried  out  through  the  normal 
departmental  channels.  It  will  be  the  respon¬ 
sibility  of  the  panel  to  advise  on  financial 
provision  for  future  computing  requirements. 

4.  The  panel  should  maintain  liaison,  through 
cross-representation,  with  the  Navy  Depart¬ 
ment  ADP  Committee,  and  through  DGW(N) 
with  programmes  and  practice  in  shipborne 
computers.  It  should  also  keep  in  touch  with 
developments  elsewhere  in  the  Ministry  of 
Defence  and  other  Government  Departments 
and  with  outside  workers  in  the  field. 

5.  The  panel  will  be  responsible  to  CS(RN)  and 
its  comments  on  major  equipment  proposals 
will  be  available  to  the  Navy  Department 
R  &  D  Board.  The  Chairman  will  be  pro¬ 
vided  from  the  Department  of  Naval  Physical 
Research. 

A  further  recommendation  of  the  Chief  Scien¬ 
tist’s  Panel  was  that  the  KDF9  computer  at  ARL, 
Teddington  should  be  expanded  to  provide  a 
central  computer  service  for  naval  R  &  D  estab¬ 
lishments.  In  addition,  it  recommended  that  data 
links  with  this  computer  should  be  established  to 
any  user  whose  requirements  could  be  met  in  this 
way. 


*  Secretary,  Navy  Dept.,  Scientific  Computing  Panel, 


Computers  in  the  R.N.S.S.:  Jarman  305 


As  a  result  of  these  recommendations,  the  com¬ 
puter  has  now  been  expanded  and  10  data  links 
have  been  set  up  or  are  projected.  In  this  way, 
many  more  people  than  before  will  have  access  to 
this  big  machine. 

Although  many  people  in  the  RNSS  are  now 
using  the  facilities  provided,  it  is  considered  that 
the  RNSS  as  a  whole  is  making  insufficient  use  of 
computers  for  scientific  work.  There  are  many 
people  doing  laborious  and  time  consuming  jobs 
who  could  benefit  very  greatly  by  applying  their 
jobs  to  solution  by  computer.  This  is  now  made 
comparatively  easy  by  the  advent  of  high  level 
programming  languages  like  Algol  and  Fortran. 
Neither  the  scientist  nor  the  engineer  of  the  future 
will  be  properly  equipped  for  his  job  unless  he  is 
able  to  program  his  own  problems  for  solution  by 
computer  in  one  of  the  standard  high  level  lan¬ 
guages,  which  are  implemented  on  all  modern 
machines. 

As  a  means  of  reviewing  new  developments 
(paragraph  1  of  the  terms  of  reference),  a  special 
meeting  was  held  during  January  1968,  at  which 
a  number  of  people  were  invited  to  give  talks  on 
new  developments  taking  place  in  their  own  estab¬ 
lishments.  The  following  sections  of  this  paper 
contain  an  account  of  what  was  said  at  the  meet¬ 
ing  on  four  topics,  together  with  a  general  intro¬ 
duction  to  the  subject  of  Computer  Aided  Circuit 
Design,  which  was  inspired  largely  through  dis¬ 
cussions  with  AUWE  on  aspects  of  this  subject 
in  which  they  have  an  interest. 

Computer  Aided  Ship  Design  (A.R.L.  Teddington) 

Dr.  Yuille  described  the  work  started  at  ARL 
on  the  development  of  a  system  for  computer 
aided  ship  design,  the  first  phase  of  which  was 
intended  to  be  used  for  carrying  out  Ship  Design 
Studies  and  which  would  be  based  mainly  on 
existing  design  techniques.  It  was  planned  that  the 
Ship  Design  program  would  operate  inside  the 
framework  of  a  general  purpose  multi-access 
system  so  that  the  designer  would  be  able  to  com¬ 
mand  from  an  on-line  typewriter,  either  modifica¬ 
tions  to  the  data  structure  representing  the  ship 
(both  the  hull  shape  and  the  internal  arrangement 
of  the  ship  are  stored)  or  the  execution  of  one  of 
the  following  calculations: 

(a)  Standard  hydrostatic  calculations 

(b)  Resistance 

(c)  Propulsive  coefficients  and  propeller  design 

(d)  Space  analysis 

(e)  Weights  and  centres  of  gravity 

(f)  Order  of  cost 

(g)  Curves  of  righting  moment  against  heel. 

To  avoid  duplication,  information  had  been 

obtained  on  computer  aided  ship  design  by  other 
authorities.  With  the  hope  of  ensuring  eventual 
compatibility,  particular  attention  would  be  given 


to  the  work  planned  by  the  British  Ship  Research 
Association  concerning  computer  aids  at  the  pro¬ 
duction  end  of  the  ship  design  process.  The  work 
being  carried  out  in  the  USA  had  been  reviewed 
recently  by  ARL  and  contact  would  be  maintained 
with  the  several  developments  there. 

The  system  was  being  developed  on  the 
expanded  KDF9  computer  at  ARL  using  the 
Egdon  3  scheme  as  a  basis.  This  scheme  would 
permit  a  person  sitting  at  a  teletype  to  assemble 
data  and  programs  on  a  large  disc  file  and  to  have 
these  inserted  into  the  queue  of  jobs  waiting  to 
be  processed  by  the  computer.  All  the  programs 
would  use  common  data  regarding  the  shape  of 
hull  and  the  internal  arrangement  of  the  ship. 
The  scheme  would  be  extended  to  permit  a  person 
at  a  teletype  to  interrupt  the  general  flow  of  jobs 
through  the  computer  in  order  to  have  short 
programs  run  by  means  of  simple  commands  rele¬ 
vant  to  ships  and  familiar  to  a  designer.  The  new 
design  would  be  produced  by  modifying  an  exist¬ 
ing  design,  and  having  calculations  made  to  enable 
the  designer  to  assess  its  capabilities.  Results  of 
his  operations  would  be  shown  on  the  teletype, 
printed  on  a  line  printer  or  drawn  by  a  graph 
plotting  machine. 

One  of  the  major  problems  was  to  find  a  satis¬ 
factory  method  of  holding  the  shape  of  the  hull 
of  a  ship  in  the  store  of  a  computer.  ARL  was 
investigating  several  possibilities,  the  most  promis¬ 
ing  of  which  appeared  to  be  a  technique  developed 
in  the  USA.  With  this,  arbitrary  shapes  could  be 
represented  by  a  number  of  patches  each  of  which 
had  a  bicubic,  or  higher  order,  parametric  equa¬ 
tion  with  coefficients  expressed  in  terms  of  the  co¬ 
ordinates,  derivatives,  twist  etc.  at  each  of  the  four 
corners.  Each  corner  was  shared  by  four,  or  two, 
patches  and  continuity  across  patch  boundaries 
was  assured. 

Another  problem  was  that  of  holding  in  the 
computer  store  a  representation  of  the  internal 
arrangement  of  the  ship  and  its  contents.  For  this 
purpose  one  needed  to  know  the  associations 
between  the  various  items  as  well  as  their  physical 
properties.  A  general  program  had  been  written 
to  handle  associative  data  in  the  core  store  of  the 
KDF9  computer  and  this  was  being  elaborated  to 
enable  it  to  use  data  occupying  up  to  two  million 
words  on  the  disc  store  by  means  of  a  software 
paging  supervisor.  Apart  from  its  use  in  the  ship 
design  project  this  program  would  have  applica¬ 
tions  in  other  projects  concerned  with  associative 
data. 

The  aim  was  to  have  a  basic  system  for  ele¬ 
mentary  ship  design  working  in  1969  by  means  of 
a  teletype  in  Bath.  This  would  enable  routine 
calculations  and  detailed  design  work  on  present 
types  of  ships  to  be  performed,  thus  saving  draw- 
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ing  office  efforts  and  freeing  designers  for  more 
creative  work.  The  major  benefits  hoped  for  were 
integration  of  the  design  process  and  considerable 
reduction  in  the  time  required  to  develop  a  design. 

This  system  would  then  be  expanded  to  cover 
many  more  aspects  of  the  design  problem.  (There 
was  no  basic  reason  why  it  should  be  confined  to 
the  design  of  ships,  but  other  possibilities  were  not 
being  considered  at  present). 

The  ultimate  aim  was  to  provide  a  comprehen¬ 
sive  set  of  computer  programs  concerned  with 
many  facets  of  ship  design,  which  could  be  used 
with  the  minimum  of  effort  on  the  part  of  the 
designer.  Later,  results  would  be  displayed  on  a 
cathode  ray  tube  and  operations  with  a  light  pen 
would  be  considered.  Thus  the  computer  would 
provide  rapid  answers  to  the  calculations  involved 
in  ship  design,  leaving  the  designer  free  to  use  his 
initiative,  experience  and  judgement  in  producing 
a  balanced  design. 

Structural  Analysis  (NCRE  Dunfermline) 

Mr.  Kendrick  said  that  the  elastic  analysis  of 
structures  was  extremely  well  suited  to  solution 
by  computer  and  that  NCRE  had  produced  a 
number  of  computer  programs  for  the  structural 
analysis  of  warships  as  a  replacement  for  the 
approximate  methods  which  had  been  used  by 
warship  designers  in  the  past.  Because  of  the 
limited  capacity  of  the  computers  available,  the 
NCRE  effort  to  date  had  concentrated  on  the  two 
dimensional  analysis  of  such  forms  as  axisym- 
metric  structures  and  grillages  under  static  load¬ 
ing. 

The  existing  axisymmetric  program  was  based 
on  shell  theory,  but  it  was  quite  a  sophisticated 
analysis  catering  for  cylindrical,  conical,  toroidal, 
spherical  and  other  more  general  shapes  of  con¬ 
stant  or  varying  thickness.  This  was  ideally  suited 
to  submarine  pressure  hull  stressing,  but  was  also 
useful  in  many  other  applications.  The  present 
grillage  programs  determined  stresses  in  meshes  of 
beams,  which  were  either  plane  or  prismatically 
curved.  In  particular  the  plane  grillage  program 
had  been  used  to  analyze  a  carrier  deck  under  air¬ 
craft  loading.  The  curved  grillage  program  was  an 
excellent  approximation  to  the  framed  hull  of  a 
ship  and  the  existing  version  of  the  program  writ¬ 
ten  for  a  small  computer  (PEGASLJS),  by  making 
maximum  use  of  planes  of  symmetry,  compared 
favourably  with  the  massive  general  purpose  pro¬ 
gram  STRESS  (developed  for  an  IBM  computer) 
in  the  size  of  structure  which  could  be  analyzed. 

The  development  and  use  of  structural  programs 
at  NCRE  has  emphasized  an  aspect  of  program¬ 
ming  which  was  becoming  increasingly  important 
in  the  adaption  of  large  general-purpose  structural 
programs  to  specialized  use.  This  had  demanded 


selectivity  of  input,  which  was  achieved  by 
writing  a  lead-in  program  to  permit  a  greatly 
abbreviated  data  tape  to  supply  all  the  information 
required  by  the  main  program.  An  example  of  this 
was  an  “  arbitrary  axisymmetric  solids  ”  program 
employing  finite  element  techniques,  which  had 
been  adapted  in  the  first  place  to  provide  a  detailed 
analysis  of  a  T-frame  structure  with  fillet  welds 
(either  internal  or  external  to  a  cylindrical  hull). 
Additional  structures  and  sub-structures  were  now 
being  similarly  considered  in  detail  by  writing 
appropriate  initial  input  programs. 

Computer  programs  had  also  been  written  on 
the  dynamic  response  of  ships  structures  to  explo¬ 
sion  loading.  Examples  of  this  work  were  the 
elastic  response  of  ships  to  non-contact  under¬ 
water  explosions  and  the  analysis  of  ships  super¬ 
structures  subjected  to  air  blast  loading.  This  work 
was  continuing  and  programs  were  now  being 
developed  to  predict  the  whipping  motions  and 
stresses,  allowing  for  the  effort  of  migration  of 
the  explosion  gas  bubble  and  plastic  bending  of 
the  ships  main  girder.  A  general  program  was  also 
under  development  to  estimate  the  pressures 
created  when  missile  motors  were  ignited  in  a 
ship’s  magazine,  the  aim  being  to  aid  in  the  design 
of  magazine  venting  systems. 

The  larger  computers  now  becoming  available 
would  lead  to  significant  advances  in  the  static 
and  dynamic  structural  analysis  of  warships. 
Programs  written  for  these  computers  would 
enable  three  dimensional  structural  analyses  to 
be  made  of  stiffened  shell  structures,  such  as  the 
hull-deckhouse  system  and  the  ships  double 
bottom.  This  would  not  be  limited  to  elastic 
analysis,  but  would  be  extended  to  non-linear, 
large  deflection,  elasto-plastic  analysis  of  stiffened 
shell  structures  using  sophisticated  finite  element 
methods.  Programs  would  also  be  developed  to 
compute  the  pitching,  heaving,  bending  moment 
and  sheer  force  response  characteristics  of  war¬ 
ship  forms  in  regular  head,  following  and  oblique 
waves,  to  compute  the  long  term  statistical  distri¬ 
bution  of  wave  induced  bending  and  sheer,  and 
to  predict  ship  slamming  and  the  alterations  of 
ship  speed  and  direction  required  to  reduce  it. 
With  the  aid  of  larger  computers  it  was  now  pos¬ 
sible  to  apply  general  programs  which  had  become 
available  on  hydrodynamic  theory  to  underwater 
explosion  phenomena  without  introducing  any 
simplifying  approximations. 

Three  dimensional  structural  analyses  had 
already  been  made  in  the  USA;  for  example 
NASA  had  developed  such  a  program  which  could 
be  implemented  on  five  of  the  large  American 
computers.  It  was  considered  most  important  that 
Britain  should  be  able  to  use  such  programs;  this 
meant  either  buying  American  machines  or  pro- 
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ducing  the  necessary  software  for  new  large  British 
machines. 

In  addition  to  developing  methods  of  static  and 
dynamic  stress  analysis,  NCRE  was  providing 
design  aids  for  use  by  Naval  Constructors.  For  this 
type  of  work  there  was  a  need  for  good  graph 
plotting  facilities  to  produce  structural  drawings. 
A  start  had  also  been  made  to  develop  programs 
to  compute  an  optimum  design  for  a  ship  in  terms 
of  either  cost  or  weight. 

Use  of  Computers  for  Mathematics 

Dr.  Samet  (Consultant  to  AUWE  Portland) 
opened  his  talk  by  noting  that  computers  had  to 
date  been  used  in  research  work  mainly  for  arith¬ 
metic,  with  any  mathematical  analyses  required  in 
the  research  having  been  completed  beforehand. 
He  suggested  that  emphasis  should  now  be  put 
on  using  computers  to  carry  out  the  manipulative 
mathematics,  which  in  general  was  mostly  algebra 
with  some  calculus.  This  would  be  beneficial  to 
those  scientists  who  were  not  good  at  mathematics 
and  who  made  mistakes  or  chose  wrong  methods 
or  perhaps  avoided  the  theoretical  work. 

Symbol  manipulation  had  received  much 
attention  in  the  past  few  years;  but  the  emphasis 
had  been  mostly  for  compiler  writing  (analysis  of 
expressions  etc.)  or  for  spectacular  operations  such 
as  theorem  proving.  Some  work  had  however  been 
carried  out  on  algebraic  manipulation,  etc.,  and 
there  were  a  few  programs  for  differentiation  and 
integration,  symbolically  not  numerically.  This 
work  had  been  mostly  in  the  United  States  and 
had  tended  to  be  academic.  The  techniques  used 
were  mostly  list  processing  and,  to  date,  list  pro¬ 
cessing  languages  had  been  available  only  on 
relatively  large  machines.  PL/1  was  the  first  such 
language  to  include  such  facilities  in  its  specifica¬ 
tion,  but  even  these  had  not  been  implemented. 
One  difficulty,  therefore,  had  been  that  the 
required  techniques  had  not  been  widely  available. 
Easy  access  through  time  sharing  systems  would 
make  it  a  more  reasonable  proposition  for  many 
users  to  have  this  “  machine-aided  manipulation”. 
Once  users  were  aware  of  what  could  be  done, 
there  would  be  considerable  pressure  on  software 
groups  to  provide  for  these  requirements.  This 
should  lead  to  better  interactive  terminals  than 
teletypes.  A  light  pen  used  in  conjunction  with  a 
CRT  would  be  ideal,  but  was  expensive.  A  com¬ 
promise  could  be  reached  by  using  a  CRT  together 
with  an  appropriate  push  button  panel. 

One  could  expect  to  see  the  development  of 
programming  systems  along  such  lines  starting 
with  the  actual  problem  requiring  a  solution,  per¬ 
forming  as  much  manipulation  and  transformation 
as  necessary  and  turning  to  numerical  methods  for 
the  final  solution.  Dr.  Samet  quoted  as  an  example 


the  solution  by  computer  of  differential  equations 
with  given  boundary  conditions  in  terms  of  a 
series.  At  present,  the  usual  pattern  was  to  find 
a  numerical  solution  of  an  approximate  problem, 
rather  than  the  numerical  solution  of  the  actual 
problem.  In  addition  some  problems  were  not 
really  numerical  at  all,  e.g .  matching  shapes, 
pattern  recognition,  information  retrieval,  etc. 

Non-mathematicians  who  needed  to  use  mathe¬ 
matics  might  be  termed  mathematics  consumers 
to  serve  whom  simple  interative  systems,  like  that 
developed  by  the  Department  of  Machine  Intelli¬ 
gence  and  Perception,  Edinburgh  University,  were 
suitable.  The  user  was  there  able  to  converse  with 
a  standard  program,  not  his  own,  and  was  guided 
through  the  various  stages  that  he  required.  Com¬ 
mon  applications  were  statistics  and  the  like,  but 
there  is  no  need  to  limit  the  machine  in  this  way. 
The  basic  problem  was  communication;  so  far, 
the  non-specialist  user  had  had  to  learn  a  con¬ 
siderable  amount  of  irrelevant  material  to  use  a 
package  program  designed  to  foresee  all  eventu¬ 
alities. 

Predictive  Monitoring  of  a  Human  Subject  in  a 
Diving  Tank  (R.N.P.L.  Alverstoke) 

Mr.  Wilton-Davies  made  a  presentation  to  the 
panel  on  a  proposal  for  using  a  computer  in  a 
physiological  research  project.  He  said  that  one 
of  the  most  important  problems  on  which  research 
was  being  done  at  the  Royal  Naval  Physiological 
Laboratory  was  to  increase  the  safety  of  divers  by 
developing  techniques  of  avoiding  the  hazards  to 
which  they  were  subject,  the  most  intractable  of 
which  was  probably  decompression  sickness.  The 
traditional  method  was  to  establish  a  table  of 
decompression  “stops”  at  various  levels  and  for 
various  times  depending  on  the  depth  and  dura¬ 
tion  of  the  dive,  but  in  spite  of  much  work,  cases 
of  decompression  sickness  still  arose  even  when 
using  tables  based  on  many  years  of  experience 
and  research,  and  under  strictly-controlled  con¬ 
ditions. 

Many  of  these  cases  must  be  ascribed  to  varia¬ 
tion  within  the  population  of  divers;  this  variation 
was  not  only  between  different  individuals,  but 
between  performances  on  different  occasions  for 
the  same  diver.  The  factors  which  placed  an  indi¬ 
vidual  outside  the  safety  margin  on  occasions  had 
not  yet  been  established;  it  was  suggested  that  this 
failure  had  been  contributed  to  by  a  tendency  of 
some  workers  to  seek  a  single  factor  rather  than 
a  combination  of  factors.  As  a  corollary  to  the 
occasional  failure  of  a  decompression  schedule, 
it  must  follow  that  a  schedule  must  sometimes  be 
unnecessarily  cautious;  such  occasions  will  not  be 
revealed  by  current  techniques. 
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There  was  in  fact  no  adequate  theoretical  basis 
on  which  decompression  tables  may  be  constructed 
without  risk  to  pioneer  divers.  Even  the  mech¬ 
anism  of  decompression  sickness  had  not  been 
established;  although  it  seemed  highly  probable 
that  bubbles  of  gas  were  involved,  the  critical  site 
or  sites  of  bubbles  could  not  be  established  in  a 
given  case. 

Until  predictions  of  a  decompression  schedule 
for  a  new  dive  could  be  made  with  more  confi¬ 
dence  than  that  justified  by  previous  experience, 
it  was  suggested  that  experimental  dives  at  least 
should  be  regulated  by  the  response  of  the  diver’s 
body  to  the  dive  and  to  the  decompression  as  this 
progressed.  A  case  of  decompression  sickness 
responded  more  rapidly  and  completely  to  the 
standard  treatment  (recompression)  when  this  was 
begun  early,  and  less  well  when  treatment  was 
delayed.  Extrapolating  from  this,  it  seemed  likely 
that  treatment  would  be  most  effective  and  least 
prolonged  if  initiated  before  the  onset  of  clinical 
decompression  sickness,  and  even  before  the 
patient  was  aware  of  anything  wrong. 

This  introduced  the  concept  of  predictive  moni¬ 
toring  of  the  subject  in  an  experimental  dive.  The 
technique  of  predictive  monitoring  had  recently 
been  reported  in  cardiovascular  research,  and  some 
successful  predictions  of  the  approach  of  coronary 
thrombosis  had  been  made  up  to  two  days  before 
the  appearance  of  clinical  signs.  Naturally,  once 
the  techniques  had  been  established,  the  object 
was  to  avoid  the  onset  of  the  condition  under 
study. 

It  would  be  necessary  to  monitor  and  record  as 
many  physiological  variables  as  possible  during 
dives.  For  this  type  of  work  manual  methods  were 
vary  laborious,  and  the  use  of  a  computer  was 
most  desirable.  Off-line  computer  studies  of  chart 
recordings  have  been  begun  at  RNPL  using  the 
d-Mac  Pencil  Follower  to  translate  the  tracings 
into  punched  tape.  The  initial  study,  of  the  inter¬ 
vals  between  successive  heart-beats,  already 
promised  to  provide  an  objective  means  of  differ¬ 
entiating  between  physical  and  physiological  stress. 
The  off-line  approach  had  advantages  in  the  initial 
writing  and  “  debugging  ”  of  computer  programs 
because  they  could  be  tested  on  noise-free  data 
without  redundant  values,  but  was  very  time- 
consuming  in  the  translation  of  data  into  a  form 
acceptable  by  a  computer. 

The  use  of  a  computer  on-line  would  allow  the 
experimenters  at  RNPL  to  form  an  overall  picture 
of  the  subject’s  condition  based  upon  simultaneous 
observations  of  a  number  of  physiological  vari¬ 
ables,  and  to  keep  this  picture  up-to-date  through¬ 
out  an  experiment.  A  promising  approach  had 
been  suggested  by  Mr.  H.  S.  Wolff  of  the  MRC 
Laboratories  at  Hampstead.  This  suggestion  was 


to  take  advantage  of  the  pattern-recognition  ability 
of  the  human  brain.  For  example,  an  overall  pic¬ 
ture  based  on  four  variables  might  take  the  form 
of  a  displayed  square  when  all  the  variables  had 
normal  values.  The  length  of  a  side  would  repre¬ 
sent  the  degree  of  normality  of  the  corresponding 
variable,  and  would  increase  with  above-normal 
values  and  decrease  with  below-normal  values. 
Changes  of  some  variables  with  respect  to  the 
others  would  distort  the  square. 

This  technique  could  be  applied  to  more  vari¬ 
ables  than  could  be  considered  simultaneously  by 
the  most  experienced  human  observer  in  their  raw 
form.  To  take  an  example,  a  human  observer 
could  be  expected  to  detect  significant  changes  in 
a  displayed  electrocardiogram  such  as  variations 
in  the  P-R  interval.  He  could  not  be  expected  to 
be  able  to  tell  at  the  time  whether  this  interval  was 
varying  directly  or  inversely  with  the  basal  skin 
resistance.  This  relationship  could  be  of  value  in 
predicting  the  onset  of  decompression  sickness  in 
time  to  avoid  it. 

Computer  Aided  Circuit  Design 

Introduction 

In  the  field  of  circuit  design,  as  in  any  other, 
a  computer  can  be  of  considerable  assistance  in 
many  ways.  It  can  be  used  at  almost  any  stage  in 
the  design,  and  its  use  can  very  much  simplify 
the  whole  design  process.  The  ways  in  which  it  can 
help  most  are  the  following: 

(a)  Repeating  a  calculation  many  times 

(b)  Handling  a  lot  of  data 

(c)  Solving  a  problem  which  is  too  complicated 
to  solve  by  longhand  methods,  without 
making  considerable  approximations 

(d)  Evaluating  the  effects  of  changes  in  circuit 
parameters  caused  by  component  tolerances, 
drift,  etc. 

(e)  Studying  the  feasibility  and  cost  of  circuit 
optimisation 

(f)  Simulating  component  failure 

(g)  Developing  optimum  physical  device  lay¬ 
outs  and  optimum  circuit  interconnection 
paths. 

The  Design  Process 

In  designing  a  circuit  by  the  normal  methods, 
an  engineer  follows  the  following  procedure: 

(a)  The  circuit  operation  is  defined  (in  terms  of 
inputs  and  outputs) 

(b)  The  method  of  approach  is  decided  upon 
(i.e.  the  type  of  circuit  to  be  used) 

(c)  A  paper  design  is  worked  out 

(d)  A  breadboard  model  is  constructed 

(e)  The  model  is  tested  and  optimised 
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(f)  A  component  tolerance  check  is  made  by 
placing  into  the  circuit  a  range  of  com¬ 
ponents,  preferably  including  some  at  their 
limits 

(g)  If  the  circuit  is  not  within  specification  in 
all  cases,  then  steps  (e)  and  (f)  will  have  to 
be  repeated,  with  perhaps  closer  tolerance 
components  at  some  strategic  points. 

How  the  Computer  Can  Help 

Many  of  these  steps  can  be  aided  by  the  com¬ 
puter,  but  there  are  still  some  which  can  best  be 
performed  by  man.  It  is  possible  to  envisage  a 
situation  in  which  a  library  of  standard  circuits  is 
held  in  the  computer  together  with  their  transfer 
functions,  and  that  when  the  circuit  operation  is 
defined,  the  computer  makes  a  search  for  the 
circuit  with  the  correct  transfer  function.  However, 
man's  inventive  genius  will  usually  win  in  this 
situation,  and  he  will  probably  produce  a  much 
simpler  circuit  than  the  computer  would.  In  any 
case,  many  a  circuit  function  can  only  be  gener¬ 
ated  by  what  would  appear  to  the  computer  to  be 
a  new  circuit,  although  it  uses  well  known  tech¬ 
niques  in  a  new  configuration. 

At  this  stage,  a  paper  design  must  be  worked 
out  as  in  the  longhand  method.  This  involves 
inserting  nominal  values  of  components  and  tran¬ 
sistor  types. 

The  construction  of  a  bread  board  model  is 
the  point  at  which  the  computer  comes  into  its 
own.  The  “breadboard”  is  constructed  within  the 
computer  by  completely  defining  the  circuit  to  it 
in  some  suitable  form. 

The  testing  and  optimising  stage  is  performed 
by  asking  the  computer  to  analyse  the  circuit  and 
change  component  values  until  an  optimum  design 
is  produced  (for  instance  in  terms  of  frequency 
response). 

Finally,  a  component  tolerance  check  is  per¬ 
formed.  This  involves,  for  instance,  a  parameter 
sensitivity  test,  a  worst  case  analysis  and  a  Monte 
Carlo  analysis. 

Construction  of  the  Model 

The  first  step  in  the  construction  of  the  model 
is  to  select  suitable  transistor  models  to  represent 
the  active  components  in  the  circuit  (such  as,  for 
instance,  the  hybrid-Pi  circuit  for  high  frequency 
work)  and  to  fabricate  the  complete  equivalent 
circuit  diagram.  In  constructing  such  an  equivalent 
circuit,  it  is  not  necessary  to  make  any  simplify¬ 
ing  assumptions,  such  as  arc  necessary  in  doing 
a  long-hand  analysis.  This  means  that  a  much  more 
accurate  prediction  of  circuit  performance  is 
possible  by  using  a  computer.  Having  constructed 
such  a  model,  the  computer  is  now  required  to 
analyse  it.  For  an  AC  or  DC  analysis,  the  circuit 
can  be  fully  represented  by  a  series  of  complex 
algebraic  equations,  of  which  there  will  be  as  many 


as  there  are  unknowns  in  the  circuit.  This  is  where 
the  computer  really  scores,  because  the  complexity 
of  even  the  simplest  of  transistor  circuits,  when 
represented  in  its  equivalent  circuit  form,  presents 
a  formidable  task  in  manual  handling. 

The  computer  will  now  handle  these  equations 
in  one  of  the  standard  ways  (i.e.  by  performing  a 
Gaussion  Elimination  or  an  iterative  procedure), 
to  produce  a  solution  in  terms  of  the  required 
output.  This  process  will  be  repeated  for  a  range 
of  selected  frequencies  to  produce  the  frequency 
response  in  terms  of  both  amplitude  and  phase. 
Should  the  responses  produced  not  meet  the 
design  criteria,  then  the  engineer  will  need  to  inject 
certain  changes  into  the  circuit  and  invite  the 
computer  to  repeat  the  above  performance,  this 
process  being  repeated  until  the  output  conditions 
are  met. 

In  performing  a  transient  analysis,  it  is  neces¬ 
sary  to  represent  the  circuit  by  a  series  of  simul¬ 
taneous  differential  equations,  which  have  to  be 
solved  by  one  of  the  standard  numerical  integra¬ 
tion  routines,  such  as  Euler's  Method  or  the 
Runge-Kutta  Method. 

Analysis  of  the  Circuit 

So  far,  the  circuit  design  has  been  done  on  the 
basis  of  component  nominal  values.  The  next  stage 
is  to  check  the  circuit  against  component  toler¬ 
ances  (which  the  engineer  will  have  set  according 
to  his  past  experience),  in  as  many  ways  as  neces¬ 
sary  to  ensure  that  any  circuit  built  to  this  speci¬ 
fication  will  meet  the  requirements. 

A  parameter  sensitivity  test  can  be  devised 
which  involves  setting  each  of  the  variables  in 
turn  to  both  its  lower  limit  and  its  upper  limit, 
while  retaining  the  other  variables  at  their  nominal 
values.  For  each  component,  the  computer  is  asked 
to  compute  the  difference  between  the  output 
obtained  from  the  upper  and  lower  limits  of  the 
component,  divided  by  the  nominal  value.  This 
will  give  the  sensitivity  in  terms  of  the  percentage 
change  in  output  corresponding  to  the  range  of 
each  input  variable.  The  computer  can  be  asked 
to  arrange  these  in  order  of  magnitude.  If  neces¬ 
sary,  at  this  stage,  the  engineer  might  wish  to 
decrease  the  tolerance  of  some  of  the  most  sensi¬ 
tive  components,  and  again  repeat  the  test  until 
a  satisfactory  result  is  obtained. 

In  order  to  find  the  spread  of  circuit  perform¬ 
ance  to  be  expected  from  a  production  run  on  the 
particular  circuit,  it  is  necessary  for  the  computer 
to  perform  what  is  known  as  a  Monte  Carlo 
analysis.  Many  output  solutions  are  generated, 
each  from  a  unique  set  of  input  variables  which 
are  selected  randomly  according  to  some  specified 
distribution  within  the  tolerances  set  for  each 
component.  The  accuracy  of  the  representation 
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depends  on  the  type  of  distribution  chosen  for 
the  component  values.  This  must  be  chosen  accord¬ 
ing  to  how  the  manufacturer  selects  his  com¬ 
ponents.  In  most  cases,  this  can  be  considered  to 
be  normal,  but  in  some  special  cases  might  be 
rectangular.  If  for  any  set  of  variables,  the  output 
should  fall  outside  the  limits  specified  for  it,  then 
the  computer  must  print  out  the  complete  set 
together  with  the  output.  The  computer  can  also 
be  programmed  to  print  out  a  histogram  plot  to 
show  the  overall  distribution  of  the  output, 
together  with  mean  value,  variance  and  standard 
deviation.  Provided  sufficient  solutions  are  formed 
by  the  Monte  Carlo  analysis,  then  the  histogram 
plot  will  show  the  worst  case  that  is  likely  to 
occur. 

Apart  from  calculating  the  effect,  on  the  circuit 
performance,  of  changes  in  component  values,  it 
is  also  possible  for  the  computer  to  calculate  the 
effects  which  changes  of  temperature  and  humidity 
will  have  on  the  components. 

The  computer  can  also  help  with  the  diagnosis 
of  faults  in  a  circuit.  It  is  possible  to  build  up  a 
dictionary  of  faults,  each  with  its  own  specific 
signature.  This  is  achieved  by  calculating  the 
response  of  the  circuit  at,  say,  three  specific  fre¬ 
quencies  (i.e.  poles  or  zeros)  using  the  nominal 
values  of  components.  To  compile  the  fault  dic¬ 
tionary,  the  computer  must  be  programmed  to 
record  the  effect  on  the  response  at  each  of  these 
three  frequencies  of  each  component  in  turn 
becoming  higher  and  lower  than  nominal  (i.e. 
outside  its  tolerance).  If  the  response  of  a  faulty 
circuit  is  compared  with  the  nominal  response,  the 
signature  so  obtained  can  be  compared  with  the 
signatures  in  the  dictionary  to  discover  which 
component  is  faulty  and  whether  it  is  high  or  low. 

Input  I  Output  Devices 

So  far  nothing  has  been  said  about  how  the 
circuit  information  is  presented  to  the  computer. 
There  are  a  number  of  different  ways  of  describ¬ 
ing  a  circuit  in  a  form  that  a  computer  can  use. 
Basically,  for  AC  and  DC  analysis,  the  circuit  will 
need  to  be  described  in  terms  of  a  number  of 
simultaneous  linear  algebraic  equations,  which  in 
turn  can  be  described  to  the  computer  in  a  matrix 
form,  which  can  then  be  solved  for  all  the 
unknowns.  Any  sophisticated  program  will  have 
its  own  language  in  which  a  designer  can  describe 
the  circuit,  and  which  the  program  will  interpret 
into  the  correct  form  for  solution.  In  general,  the 
circuit  description  will  be  written  on  a  deck  of 
punched  cards  which  will  be  input  to  the  computer 
together  with  the  program. 

Most  sophisticated  methods  include  the  use  of 
an  on-line  teletypewriter  or  a  cathode  ray  tube 
display  with  a  light  pen  (or  a  combination  of  both). 


An  example  of  this  is  the  Massachussets  Institute 
of  Technology’s  Project  MAC  in  which  a  circuit 
is  drawn  on  the  CRT  with  the  light  pen  and  the 
component  values  are  assigned  by  either  typing 
or  sketching  on  the  CRT.  This  is  sufficient  for  the 
computer  to  analyze  the  circuit  and  produce  wave¬ 
forms  and  tables  of  information.  After  studying 
these,  the  designer  can  return  the  circuit  to  the 
screen  and  modify  as  necessary  to  produce  an 
improved  result. 

The  Standard  Programs 

There  are  a  number  of  standard  programs  in 
general  use,  each  of  which  has  its  own  special 
virtues.  None  of  them  is  best  at  doing  everything 
(i.e.  DC  problems  AC  problems,  and  transient 
problems,  both  linear  and  non-linear),  but  each 
problem  has  to  be  considered  on  its  merits.  Two 
of  the  earlier  programs  will  be  described. 

The  first  is  called  NET  I,  which  was  developed 
on  a  MANIAC  II  at  Los  Alamos  and  later  trans¬ 
lated  for  IBM  machines.  It  can  simulate  resistors, 
capacitors,  inductors  and  mutual  inductors,  and 
can  handle  both  transistors  and  diodes  and  deal 
with  fixed  value  voltage  sources  and  several 
classes  of  time  dependant  voltage  sources  (i.e. 
sinusoidal,  trapezoidal  and  exponential).  After 
identifying  the  components  and  numbering  the 
nodes,  the  circuit  is  described  by  four  items  for 
each  element  i.e.  identifier,  starting  and  finish¬ 
ing  nodes  and  value  (or  transistor  or  diode  type 
number).  This  information  is  punched  on  cards 
and  input  to  the  computer  together  with  the 
NET  I  program  cards. 

Another  program  called  ECAP  (Electronic 
Circuit  Analysis  Program),  was  developed  by  IBM 
and  written  in  Fortran  for  IBM  machines.  The 
designer  develops  an  equivalent  circuit  of  the 
circuit  he  wishes  to  study,  based  on  any  model  he 
chooses  for  the  active  components.  The  solution 
is  obtained  by  matrix  methods;  every  circuit  is 
made  up  of  basic  network  branches  and  each 
branch  contains  a  passive  element,  a  voltage  source 
and  a  current  source.  Cards  are  punched  to  tell 
where  the  nodes  are  connected,  assumed  direction 
of  current  flow  and  values  of  the  three  basic 
elements.  The  program  can  perform  DC,  AC  and 
transient  analysis  and  has  options  for,  sensitivity, 
standard  deviation  and  worst  case  analysis. 

Programs  developed  by  RACAL  Electronics 
include  a  General  Circuit  Analysis  Program  for 
steady  state  AC  and  DC  analysis  and  a  number 
of  special  purpose  programs,  which  include  printed 
circuit  layout,  video  amplifier  design,  large  signal 
cascode  amplifier  design,  manipulation  of  four 
pole  matrices,  harmonic  analysis,  analysis  of 
ladder  network  filters,  roots  of  polynomials  and 
solutions  of  sets  of  simultaneous  equations. 
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elder  Gods  of  Greece  were  de- 
jfcidedly  chthonic  in  many  aspects — 
If  one  might  almost  say  earthy.  The 
1  later  additions  to  the  Pantheon  were 
j  pathetically  human,  no  more  to  be 
feared  than  an  inspired  speaker  in  the  Agora.  Both 
could  sway  fortune  against  you,  but  were  them¬ 
selves  amenable  to  bribery  or  persuasion.  How 
different  was  the  most  ancient  of  the  Gods  !  The 
universe  itself  could  not  contain  him,  for  Chronos 
was  the  master  of  time  itself,  or  perhaps  was 
Time.  Strange  that  around  him  should  be  spun 
the  most  incredible  of  myths,  for  Chronos  could 
survive  only  by  devouring  his  own  child,  over  and 
over  again.  And  Zeus,  his  child,  killed  him. 

The  myth  of  Chronos  has  never  been  a  popular 
one,  but  has  fascinated  artists  through  the  millenia, 
from  the  exquisite  bronze  now  treasured  in  Luton 
Hoo  to  the  fearsome  imagery  of  Goya.  Poetic 
imagery,  even  myths,  contain  truth  but  darkly 
seen.  True,  Time  devours  all  his  living  children, 
and  all  that  now  know  wind  and  rain  and  the 
majestic  wheeling  of  the  universe  will  in  time 
know  nothing,  in  this  universe.  But  the  myth  of 
Chronos  transcends  the  petty  truths  of  man, 
though  man  named  him  Lord  of  all,  devourer  of 
the  universe  and  of  his  own  children.  The  truth 
lay  deeper  than  the  poet  knew.  The  truth  of 
Chronos,  even  as  the  Greeks  proclaimed,  lay  in 
Time  itself. 

For  time  is  a  little  thing,  to  be  measured  by 
man  and  turned  to  mundane  ends.  How  small  a 
thing  is  time  !  The  fleeting  second  encompasses  a 


world,  and  how  long  a  time  is  the  instant  of  death 
itself  ?  When  is  now  ?  The  whole  edifice  of  science 
is  based  upon  the  measurement  of  time,  and  it 
stands  indeed  upon  the  head  of  a  pin,  with  ample 
room  left  for  the  hordes  of  angels  to  dance  around 
it.  Yes,  how  small  a  thing  is  time  ?  We  cannot 
detect  time  itself,  only  the  passage  of  time.  When 
wc  detect  that  there  has  been  a  change  in  the 
universe,  we  say  that  time  has  passed.  True,  the 
time  arrow  points  in  the  direction  of  increasing 
entropy,  and  entropy  is  measured  by  change.  In 
the  void,  there  is  neither  mass,  nor  energy,  nor 
temperature,  nor  time  itself  perhaps  ?  We  can 
detect  time  only  as  a  change  in  the  physical  uni¬ 
verse.  It  may  exist  beyond  that,  in  some  way 
which  can  have  no  meaning  to  us.  We  are  only 
enquiring  into  the  meaning  of  time  to  some  intelli¬ 
gence  related  in  some  meaningful  way  to  the 
physical  universe.  If  the  most  refined  intelligence 
cannot  detect  a  change  in  the  universe,  no  time 
has  passed.  We  may  sweep  away  the  technologies, 
for  we  are  not  discussing  the  measurement  of  time 
by  man  himself,  but  by  some  intelligence  which  is 
aware  of  the  universe.  For  such  an  intelligence,  if 
change  in  the  physical  universe  is  not  continuous, 
time  itself  is  not  continuous.  If  there  is  a  smallest 
detectable  change,  there  is  a  smallest  detectable 
time,  and  time  is  no  longer  a  steady  continuum 
from  everlasting  to  everlasting.  Who  but  the  oldest 
of  the  Gods  can  name  this  elementary  particle  of 
time,  what  name  save  Chronon  is  acceptable  ? 

Let  us  conceive  of  the  universe  as  it  exists,  and 
let  us  assume  that  in  our  conception,  only  one 
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item  changes.  We  need  not  enquire  what  this  item 
may  be — in  present  terms  it  could  be  a  single 
highly  localized  photon,  or  the  smallest  change  in 
the  smallest  of  elementary  particles,  it  does  not 
matter  to  us.  Let  us  ask  Chronos  himself  to  detect 
this  change,  and  say  that  time  has  changed,  or 
passed.  Surely,  if  intelligence  has  any  meaning  at 
all,  it  is  involved  with  information.  An  intelligence 
without  information  is  meaningless  in  so  far  as 
words  have  meaning  at  all  So  this  detection  of  the 
passage  of  time  involves  the  acquisition  of  inform¬ 
ation  on  the  change.  In  our  physical  universe,  this 
acquisition  of  information  invariably  requires  that 
a  signal  passes,  that  radiation  of  some  kind  is  used 
as  a  probe  to  detect  the  change.  We  need  not 
enquire  what  radiation  in  the  ultimate,  but  we  do 
know  that  as  the  radiation  changes,  so  the  avail¬ 
able  information  changes.  If  we  speak  in  terms 
of  e.m.  radiation — which  is  not  necessary — we  may 
illustrate  that  as  we  try  to  reduce  the  element  of 
change  to  a  minimum,  we  must  increase  the  in¬ 
herent  energy  of  the  probing  beam.  If  you  like 
to  look  at  it  in  terms  of  wavelength,  we  say  that 
we  must  reduce  the  wavelength  in  order  to  increase 
the  resolution. 

Now  in  our  present  search  we  are  looking  for 
the  smallest  possible  change,  or  the  smallest  pos¬ 
sible  interval  of  time.  As  we  probe  smaller  and 
smaller,  the  macroscopic  world  continually  recedes. 
So  as  we  spiral  downwards  to  minimum  time  and 
minimum  change,  the  universe  itself  thins  out  and 
passes  beyond  the  limits  of  our  ken.  The  universe 
is  only  detectable  through  change,  and  if  we  reduce 
our  change  to  zero,  the  universe  becomes  entirely 
undetectable.  If  there  is  a  time  interval  so  small 
that  no  change  has  occurred,  we  cannot  say  that 
time  has  passed.  A  static  universe  cannot  exist  in 
any  meaning  that  we  can  apply  to  the  word.  It  is 
a  simple  tautology,  for  to  exist  means  to  exist  in 
time ,  and  time  has  no  meaning  to  an  observer  who 
cannot  detect  change.  For  the  universe  to  exist  in 
any  way  that  can  have  meaning  to  an  observer, 
it  must  change.  Thus  for  a  void  to  evolve  into  a 


universe,  change  is  required  as  well  as  mass  and 
energy.  Thus  from  the  simplest  considerations  we 
derive  a  statement  which  contains  Einstein’s  equa¬ 
tion,  and  adds  to  it !  Einstein  in  his  most  celebrated 
equation  related  Mass  and  Energy  through  a 
Velocity,  stating  that  Mass  and  Energy  are  equiva¬ 
lent.  Though  Velocity  itself  implies  time,  we  may 
say  without  recourse  to  Einstein  that  according 
to  our  reasoning  Mass,  Energy  and  Time  are  inter¬ 
changeable,  with  some  constants  of  proportion¬ 
ality.  Time  has  Mass,  Energy  has  Time,  Mass  has 
Energy  and  so  on.  This  goes  further  than  Einstein, 
but  no  further  than  the  poet  who  cried  “death  and 
decay  in  all  around  I  see  He  was  making  a 
simple,  and  fundamental  scientific  statement. 

Destroy  mass,  and  observe  energy,  say  our 
nuclear  scientists,  and  prove  it  with  a  Nagasaki. 
Can  one  perhaps  destroy  Mass-energy  and  create 
.  .  .  Time  ?  The  equivalence  constant  may  be  enor¬ 
mous,  and  perhaps  one  must  destroy  a  universe  in 
order  to  create  a  Chronon.  But  if  chronons  exist, 
that  is  exactly  what  is  happening.  The  universe 
only  exists,  to  any  observer,  when  it  changes.  When 
it  does  not  change,  it  does  not  exist.  Time  only 
exists  when  a  change  in  the  universe  is  detected. 
The  universe  and  time  are  created  and  destroyed 
alternately,  in  a  succession  which  produces  the 
awareness  of  existence  in  an  intelligence.  Cogito, 
ergo  sum,  is  incorrect.  I  do  not  think,  because  I 
am;  I  think,  because  I  was.  We  have  a  phaseshift ! 
Time  and  the  universe  do  not  exist  together.  In 
time,  we  detect  a  universe  that  existed  before  us, 
and  when  we  detect  a  new  universe  we  are  in  a 
new  time. 

And  so  Chronos  devours  his  children,  destroying 
his  child  to  create  himself.  Intelligence  exists  in 
time,  but  bodies  exist  in  the  mass-energy  universe 
— sequentially.  Perhaps,  man  has  a  soul  after  all, 
and  one  which  is  inherently  undetectable,  for  it 
exists  in  time  itself.  Only  the  gross  body  exists  in 
the  observable  universe.  We  always  see 

...  a  new  heaven  and  a  new  earth,  for  the  old 

heaven  and  the  old  earth  have  passed  away  .  .  . 
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DF  PLOTTING 


Fixing  the  position  of  a  distant  ship  by  radio 
direction  finding  (RDF)  may  be  considered  as  the 
conducting  of  an  experiment.  The  process  of 
experiment  can  be  divided  into  three  stages: 

(1)  Asking  a  question. 

(2)  Collecting  relevant  data. 

(3)  Analysing  the  data  to  answer  the  question. 

In  the  case  of  RDF  position  fixing,  the  simplest 

formulation  of  the  three  stages  is: 

(1)  Question.  What  is  the  ship’s  position? 

(2)  Data.  RDF  bearings  on  the  ship’s 

transmitter. 

(3)  Analysis.  DF  plotting. 

The  present  paper  is  not  concerned  with  the 
scientific  and  engineering  problems  of  taking  bear¬ 
ings,  but  with  stage  (3),  the  problem  of  extracting 
the  maximum  of  useful  information  from  the  bear¬ 
ings  once  obtained.  Rather  than  following  up  the 
many  ingenious  geometrical  ideas  that  have  been 
developed  in  the  past,  we  return  to  first  principles 
and  work  out  a  solution  which  is  perhaps  brute- 
force  rather  than  elegant,  but  still  the  brute-force 
aspects  are  sufficiently  within  bounds  to  be  handled 
by  computer.  The  end-product  is  pictorial  and 
hopefully  easy  to  understand. 

The  approach  is  in  terms  of  probability  distri¬ 
butions  and  is  based  on  Bayes’  theorem,  following 
particularly  the  exposition  of  I.  J.  Good  and  P. 
M.  Woodward0’ 2).  Virtually  the  same  approach 
to  DF  plotting  has  been  suggested  by  P.  G.  Redg- 
ment  (unpublished). 

We  start  with  the  a  priori  knowledge  of  the 
ship’s  possible  locations,  before  any  bearings  are 
taken.  The  bearings  provide  new  information 
which  we  combine  with  the  a  priori  information  to 
produce  the  a  posteriori  knowledge  of  position — 
the  best  that  can  be  done  with  the  information 
available. 

A  Priori  Information 

What  is  the  a  priori  information  and  how  should 
it  be  expressed  ?  The  ship  is  somewhere  on  the 
earth’s  surface  so  the  probability  distribution  of 
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its  position  is  of  the  form  p  (</>,  0)  where  </>  and  0 
are  latitude  and  longitude.  The  probability  that 
the  ship  is  in  a  small  area  A  centred  on  <j> u  0[  is 

A  p  (<f> i,  0i) 

and  of  course  the  total  probability  integrated  over 
the  earth’s  surface  is  1. 

Now  p  (</>,  0)  should  describe  our  state  of  know¬ 
ledge  about  the  ship’s  position  before  any  bear¬ 
ings  are  taken.  This  will  vary  greatly  from  one 
occasion  to  another.  Typical  states  of  knowledge, 
listed  in  order  of  increasing  precision,  are 

(a)  Uniform  distribution  over  the  earth’s  sur¬ 
face.  p=constant  everywhere,  independent 
of  </>  and  0 . 

(b)  As  (a),  but  p— o  everywhere  on  land. 

(c)  As  (a)  and  (b),  but  p=o  beyond  a  certain 
range  from  each  RDF  station  estimated  as 
the  maximum  for  propagation  of  the  radio 
signals  received. 

(d)  As  (a),  (b)  and  (c)  but  p=0  beyond  a 
certain  range  from  a  position  at  which  the 
ship  was  recently  sighted. 

The  analysis  has  been  developed  in  such  a  way 
that  in  principle  any  a  priori  distribution  could  be 
fed  in  but  in  practice  only  the  simplest — a  uniform 
distribution — has  so  far  been  used.  It  will  be  seen 
however  that  the  final  product  allows  the  effect 
of  any  different  distribution  to  be  assessed  quite 
easily.  The  initial  development  has  also  been 
simplified  by  considering  a  flat  surface  with  a  rec¬ 
tangular  boundary  in  place  of  the  earth’s  spherical, 
limited  but  unbounded  surface.  Not  only  does  this 
simplify  the  calculations,  it  also  makes  for  easier 
presentation  on  a  flat  rectangular  computer  print¬ 
out.  The  program  has  since  been  re-cast  for  a 
spherical  surface  which  brings  it  much  nearer  to 
practical  evaluation  and  use,  but  this  change  in 
geometry  does  not  appear  to  show  any  important 
new  points  of  principle. 

We  start  then  with  the  simplest  possible  distri¬ 
bution,  a  constant  value  of  p  over  a  rectangular 
area  with  p=o  everywhere  outside. 
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Single  Bearing  Information 

Next  we  come  to  the  evidence  supplied  by  the 
first  bearing.  What  does  it  tell  us  about  the  ship’s 
position  ?  RDF  bearings  are  known  to  be  often 
inaccurate,  so  that  it  would  be  wrong  to  say  that 
the  position  must  lie  on  the  bearing  line. 

The  probability  of  various  magnitudes  of  error, 

i.e.  the  error  distribution  function,  can  usually 
be  obtained  from  the  RDF  station’s  records  of 
past  performance.  (Note:  the  existence  of  suitable 
records  depends  upon  obtaining  true  positions  or 
bearings  to  compare  with  observed  RDF  bearings. 
This  can  fairly  often  be  done  if  some  systematic 
check  operations  are  carried  out  as  part  of  the 
station’s  routine).  A  hypothetical  error  distribu¬ 
tion  is  shown  in  Fig.  1.  The  three  main  features 
are: 

1.  A  peak  centred  on  zero  error,  resembling  a 
normal  distribution. 

2.  A  plinth  on  which  the  peak  stands.  It  may  be 
level  as  shown  or  slope  down  with  increasing 
error.  The  highly  inaccurate  bearings  which 
form  the  plinth  are  “wild”  bearings,  com¬ 
mon  causes  being  misidentification,  propa¬ 
gation  anomalies  and  human  error. 

3.  A  backlobe,  due  to  occasional  incorrect 
resolution  of  the  180°  ambiguity  which  is  a 
common  feature  of  RDF  work. 

For  initial  development  the  model  has  been 
restricted  to  features  1  and  2,  a  normal  distribu¬ 
tion  on  a  flat  plinth.  The  standard  deviation  of 
the  normal  distribution  and  the  wild  bearing  rate, 
which  determines  the  plinth  height,  are  specifiable 
parameters. 

Combination  of  Distributions 

Given  the  a  priori  distribution,  the  bearing  and 
the  probability  distribution  of  the  bearing  error, 
the  next  step  is  to  combine  them.  This  brings  us 
to  the  fundamental  theoretical  proposition  on 
which  the  analysis  is  based.  It  is  convenient  to 
express  it  in  the  following  notation: 
x  represents  the  ships’  position. 
p  (x)  is  the  prior  probability  function  of  x,  i.e. 
it  gives  the  probability  of  the  ships’  presence 
as  a  function  of  position  in  the  area  under  con¬ 
sideration.  This  is  the  a  priori  function  p 
we  have  assumed. 

y  represents  the  new  information  to  be  incor¬ 
porated,  in  this  case  the  RDF  bearing. 
p  (x/y)  is  the  posterior  probability  function  of  x, 
i.e.  it  gives  the  probability  of  the  ship’s  presence 
at  each  position  knowing  that  the  bearing  y  has 
been  obtained,  p  (x/y)  is  the  quantity  we  want 
to  calculate. 

p  ( y/x )  is  the  probability  function  of  y  given  x, 
i.e.  for  each  possible  position  x  of  the  ship  it 
gives  the  probability  that  the  bearing  y  would 


have  been  obtained.  Fig.  1  is  an  example  of  a 
distribution  from  which  p  (y/x)  can  be  found 
by  measuring  the  angle  between  the  bearing  of 
an  assumed  position  x  and  the  observed  RDF 
bearing  y. 


The  relation  between  these  quantities  is 

p  (x/y)=kp  (x)  p  (y/x)  .  .  .  (1) 

where  k  is  a  normalising  constant.  Taking  logar¬ 
ithms  simplifies  the  handling,  replacing  multipli¬ 
cation  by  addition. 

Log  p  (x/y)=log  p  (x)  +  log  p  (y/x)  +  log  k 

...  (2) 


FIG.  I.  A  hypothetical  error  distribution. 


It  is  convenient  to  take  logarithms  to  base  10 
and  to  refer  to  the  logarithms  of  probabilities  as 
scores.  It  is  tempting  to  use  bels  and  decibels  as 
units  of  score,  but  since  the  ratios  are  of  proba¬ 
bilities  not  power  it  would  be  misleading.  For  want 
of  a  recognized  name,  the  local  term  “  deciban  ”  is 
used.  If  position  A  has  a  score  1  deciban  higher 
than  position  B,  then  it  is  1  *26  times  as  probable, 
and  10  decibans  corresponds  to  a  10-fold  increase 
in  probability. 

Incorporating  the  bearing  information  now 
becomes  a  simple  process.  Start  with  a  chart  of 
the  area  showing  the  a  priori  distribution  which 
in  the  simplest  case  is  a  constant  value  of  log  p 
(x)  at  every  point.  Superimpose  a  second  chart 
showing  the  scores  log  p  (y/x).  Now  add  the  scores 
at  each  point  to  give  the  a  posteriori  score, 
log  p  (x/y),  according  to  equation  (2)  above. 

A  typical  single-bearing  “chart”  is  shown  in 
Fig.  2,  with  the  RDF  station  itself  a  short  dis¬ 
tance  off  the  chart  to  the  west.  If  normalized  the 
scores  would  all  be  negative:  to  improve  the 
presentation  an  arbitrary  constant  has  been  added 
to  bring  the  lowest  value  up  to  0.  The  pattern 
resembles  a  searchlight  beam,  with  the  highest 
score  along  the  centreline,  falling  off  on  either 
side  gently  at  first  then  more  steeply  until  the 
beam  fairs  into  the  base  level  (the  plinth  of  Fig. 
1).  Unlike  a  searchlight  beam  however  there  is  no 
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fading  with  distance  as  the  beam  widens:  the 
probability  density  is  a  function  of  angle  only. 
The  score  falls  off  by  8-7  decibans  at  ±  2a  from 
the  beam  centreline  (the  centreline  and  d=  2a  lines 
have  been  drawn  in  on  Fig.  2).  The  wild  bearing 
rate  is  1%  which  gives  an  off-beam  probability  of 
about  2’8  X  10'5  per  degree,  while  in  the  centre 
of  the  beam  the  probability  is  about  1*33  X  KH, 
per  degree,  a  being  3°.  The  ratio  is  4*75  X  10s, 
equivalent  to  36‘7  decibans. 

Multiple  Bearings 

Having  incorporated  one  bearing,  the  others 
can  be  dealt  with  in  the  same  way  by  adding  their 
score  distributions  one  by  one  to  the  chart.  This 
is  equivalent  to  expanding  equation  (2)  to  read 

Log  p  (x/ylf  y2,  .  .  y„)=log  p  (x)+log  p  (yjx)  + 
log  p  (y2/x)  +  . . . 

.  .  .  +  log  p  (yn/x)  +  log  k  ...  (3) 

In  doing  this  we  are  assuming  that  the  bearing 
errors  arc  independent  of  one  another,  a  some¬ 
what  questionable  assumption  which  is  accepted 
for  two  main  reasons 

(a)  that  it  is  very  difficult  to  allow  for  non¬ 
independence 

(b)  that  other  methods  of  DF  plotting  generally 
make  the  same  assumption  and  do  not 
appear  to  give  very  misleading  results  as  a 
consequence. 

An  example  is  shown  in  Fig.  3  of  a  3-bearing 
fix,  with  two  bearings  from  stations  having 
a— 2°  and  wild  bearing  rates  of  5%  added  to  the 
original  single  bearing  of  Fig.  2.  Here  again  the 
stations  are  off  the  chart:  this  is  done  to  give 
maximum  detail,  within  the  confines  of  a  computer 
printout,  to  the  region  of  greatest  interest  for 
position-fixing. 

Presentation  of  Results 

In  a  sense  the  solution  is  now  complete.  All  the 
information  relevant  to  deciding  the  ship’s  position 
has  been  incorporated  in  the  picture:  non-bearing 
information  in  the  a  priori  distribution  and  bear¬ 
ing  information  subsequently.  However  the  final 
distribution  chart  suffers  from  the  defect  of  being 
too  comprehensive  and  detailed  for  most  purposes. 
To  provide  a  more  practical  and  usable  answer 
we  want  to  extract  certain  salient  features.  What 
are  the  most  useful  features?  The  first  is  the  most 
probable  position  of  the  ship  or  best  point  esti¬ 
mate  (BPE).  This  is  easily  found  within  the  com¬ 
puter  program  as  the  location  with  the  highest 
score — marked  with  a  spot  in  Fig.  3.  But  the  BPE 
is  unsatisfactory  as  an  answer  without  supplemen¬ 
tary  information.  With  a  flat  maximum  or  multiple 
maxima  there  may  be  regions  far  from  it  which 
are  nearly  as  probable  as  locations  for  the  ship; 
on  the  other  hand  the  maximum  may  be  very  sharp 


so  that  the  ship  is  unlikely  to  be  anywhere  but  very 
near  to  the  BPE.  What  is  needed  is  an  indication 
of  the  extent  of  the  high-probability  region.  Sev¬ 
eral  choices  are  available.  The  area  can  be  defined 
for  example  as  the  smallest  region  containing  sonic 
proportion,  say  90%,  of  the  total  probability,  or 
as  the  region  within  a  contour  some  fixed  level 
such  as  10  decibans  below  that  of  the  maximum. 
In  Fig.  3  the  region  containing  90%  of  the  total 
probability  has  been  outlined:  the  contour  is  at 
approximately  77  deciban  level  as  determined  by 
numerical  integration  of  probabilities. 

Discussion  of  a  Priori  Information 

This  exposition  has  used  a  number  of  simpli¬ 
fying  assumptions  and  skated  over  various  diffi¬ 
culties  in  order  to  complete  the  main  story  without 
too  much  side-tracking.  It  is  now  time  to  go  back 
over  the  tracks  and  consider  some  of  the  impor¬ 
tant  side-issues,  starting  with  the  a  priori  distri¬ 
bution.  It  is  perhaps  worth  observing  that  the 
incorporation  of  new  information  by  the  process 
of  equation  (2)  or  (3)  does  not  have  to  follow  any 
particular  order.  The  final  score  distribution  is  the 
sum  of  a  number  of  individual  distributions,  each 
representing  the  information  provided  by  one  piece 
of  evidence  or  another.  The  so-called  a  priori 
distribution  could  just  as  well  be  added  in  last 
instead  of  first.  It  might  be  better  to  think  of  it 
as  the  distribution  resulting  from  all  the  non¬ 
bearing  information  available:  if  it  consists  of 
several  independent  items  it  can  be  formed  by 
adding  the  individual  distributions  due  to  each. 

Let  us  return  to  the  implications  of  choosing 
a  uniform  a  priori  distribution.  The  choice  is  one 
which  would  naturally  be  made  by  someone  who 
says  that  he  wants  to  assume  no  knowledge  of 
position  apart  from  what  the  bearings  will  tell  him. 
But  it  can  be  replied  that  choosing  a  uniform  dis¬ 
tribution  is  not  assuming  no  knowledge;  on  the 
contrary  it  implies  knowledge  or  expectation  that 
the  probability  of  the  ship’s  being  at  A  is  equal  to 
the  probability  of  it’s  being  at  B.  Indeed  whatever 
distribution  the  would-be  ignorant  chooses,  he  can 
be  accused  of  implied  knowledge.  This  dilemma 
has  exercised  greater  pens  than  mine  and  is  un¬ 
likely  to  be  resolved  here  and  now.  The  line  of 
escape  which  seems  most  rational  to  me  is:  while 
one  disclaims  particular  knowledge  about  ships  on 
the  globe,  there  is  a  more  general  knowledge  of 
the  behaviour  of  the  natural  world,  inculcated  by 
experience  in  all  of  us,  that  a  uniform  distribution 
is  a  good  initial  assumption  in  a  new  field  where 
nothing  specific  is  yet  known.  It  is  rational  to  use 
this  general  experience  when  there  is  no  specific 
knowledge  to  guide  us,  or  when  we  choose  to 
ignore  our  specific  knowledge  for  the  time  being. 

If  we  start  with  a  uniform  distribution,  it  seems 
very  sensible  to  modify  it  to  take  account  of  the 
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fact  that  ships  do  not  go  on  land.  Should  we  make 
p=o  on  land  ?  This  is  a  more  drastic  step  than 
might  appear,  since  it  makes  the  score =log  p 
=  —  oo.  What  happens  if  there  is  some  mis-iden- 
tification  and  the  RDF  stations  take  bearings  on  a 
land  transmitter  thinking  it  to  be  a  ship  ?  However 
good  the  bearings,  the  hnal  score  will  still  be  —  oo 
everywhere  on  land  and  the  BPE  will  be  placed 
somewhere  at  sea.  This  is  more  misleading  than 
locating  the  ‘‘ship”  on  land  and  stimulating  the 
RDF  controller  to  consider  the  possibility  of  mis- 
identity.  We  can  get  something  much  more  satis¬ 
factory  by  estimating  how  often  mis-identification 
occurs,  say  once  in  200  occasions,  and  making 
p =0*995  at  sea  and  p= 0*005  (score  down  by  23 
decibans)  on  land.  If  the  bearing  information  is 
rather  weak  and  gives  some  fairly  high  scores  on 
land  as  well  as  at  sea,  the  a  priori  distribution  will 
force  it  out  to  sea  where  it  almost  always  belongs. 
But  if  there  is  a  strong  consensus  among  the  bear¬ 
ings  that  the  transmitter  really  is  on  land,  their 
evidence  will  more  than  outweigh  the  23  deciban 
a  priori  factor  against  this  conclusion. 

Bearing  Error  Distribution 

It  is  an  advantage  of  the  present  method  that 
the  bearing  error  distributions  used  in  plotting  can 
be  modelled  closely  on  experience,  the  limits  being 
set  only  by  convenience  and  the  availability  of 
performance  records.  It  is  not  necessary  to  assume 
a  distribution  described  by  some  analytic  function 
in  order  to  make  calculation  feasible.  The  com¬ 
mon  use  of  a  normal  distribution  in  RDF  analysis 
has  in  fact  drastic  misleading  effects  more  than 
a  few  a  away  from  the  central  peak.  For  example, 
if  we  use  a  normal  distribution  with  cr=3°  and 
happen  to  have  a  wild  bearing  30°  off  target,  the 
score  assigned  to  the  true  position  on  account  of 
the  bearing  will  be  217  decibans  down  on  the  value 
for  a  correct  bearing,  with  a  slope  of  14*5  decibans 
per  degree.  The  result  is  that  the  wild  bearing  pulls 
the  BPE  some  distance  towards  itself  and  away 
from  the  spot  that  the  other  bearings  would  indi¬ 
cate  if  left  to  themselves.  If  however  the  bearing 
error  distribution  is  allowed  a  comparatively  level 
plinth  some  30  or  40  decibans  down,  a  wild  bear¬ 
ing  will  have  little  effect  on  the  BPE  indicated 
by  the  other  bearings  provided  that  they  give  a 
reasonably  sharp  fix  between  themselves.  In  effect 
one  is  saying  that  bearings  more  than  five  or  six 
standard  deviations  off  target  give  little  informa¬ 
tion  about  the  true  position  and  so  are  allowed  to 
have  little  effect  on  the  a  posteriori  probability 
distribution  in  that  region. 

The  implications  of  bearing  scores  being  inde¬ 
pendent  of  range  may  need  some  explanation.  If 
we  assumed  an  infinite  earth  with  no  propagation 
limit,  there  would  be  no  range  restriction  on  trans¬ 
mitters  heard  by  the  RDF  station.  Normalizing  the 


probabilities  would  result  in  scores  of  —  oo  at 
all  points,  i.e.  the  probability  tending  to  zero  every¬ 
where.  This  extreme  result  is  the  natural  conse¬ 
quence  of  the  extreme  assumptions,  a  finite  but 
not  necessarily  constant  density  of  transmitters 
extending  over  an  infinite  area.  In  the  real  case 
we  are  limited  by  the  finite  area  of  the  earth,  and 
usually  further  limited  in  range  by  propagation 
conditions.  This  keeps  the  probabilities  above  zero. 

If  on  the  spherical  earth  we  combine  a  uniform 
a  priori  distribution  with  the  evidence  from  a 
single  bearing,  as  in  Fig.  2,  the  scores  along  any 
radial  line  in  the  main  beam  do  not  fall  as  the 
distance  from  the  RDF  station  increases,  despite 
the  broadening  of  the  beam.  Thus  the  total  proba¬ 
bility  that  the  ship  is  located  within  the  main  beam 
at  a  range  of  rd=8  miles  is  proportional  to  r. 
This  reflects  the  fact  that  near  the  station  the  beam 
is  very  narrow  and  covers  only  a  small  area  of  sea, 
so  that  the  a  priori  probability  of  the  ship's  being 
in  this  area  is  correspondingly  small 

Conclusions 

The  method  aims  to  give  a  complete  answer  to 
the  question:  what  can  be  said  about  the  ship's 
position  on  the  evidence  available  ?  Given  this 
complete  answer  in  the  form  of  a  probability  dis¬ 
tribution,  key  features  such  as  the  most  probable 
location  and  the  region  of  high  probability  can  be 
defined  and  extracted  as  output.  Although  the 
accent  is  on  RDF  bearings,  any  item  of  evidence 
relating  to  the  ship’s  position  can  be  incorporated 
provided  it  can  be  expressed  as  a  probability  dis¬ 
tribution  independent  of  the  other  items.  There  is 
no  need  to  limit  the  representation  of  distributions 
to  certain  analytic  functions,  such  as  the  normal 
distribution,  in  order  to  make  the  problem  soluble. 
The  results,  and  the  way  in  which  they  follow  from 
the  input  assumptions,  are  readily  describable  step 
by  step  in  terms  of  probability  theory,  and  can  be 
straightforwardly  displayed  on  a  chart. 

The  big  handicap  is  the  brute  force  nature  of 
the  approach,  which  in  its  primitive  form  would 
involve  calculating  probabilities  for  every  inter¬ 
section  on  a  fine  grid  covering  the  earth  though  of 
course  one  can  do  much  better  by  starting  with  a 
coarse  grid  over  a  wide  area  to  locate  the  high 
probability  region,  then  using  a  finer  grid  to  cover 
this  smaller  area.  The  method  is  not  fully  devel¬ 
oped  and  does  not  compete,  at  least  at  present, 
with  established  methods.  The  crucial  question  is 
whether  the  program  efficiency  can  be  improved 
to  give  operationally  acceptable  results  without 
requiring  too  much  computer  time. 
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PROBABILITY,  JUDGMENT  AND  MIND 
2 — The  Nature  Of  Mind  (Part  I) 


K.  W.  Harrison,  R.NJSJS. 

Admiralty  Surface  Weapons  Establishment 


The  Psychic  Universe 

"  Those  who  refuse  to  go  beyond  fact  rarely  get  as  far 
as  fact;  anyone  who  has  studied  the  history  of  science 
knows  that  almost  every  step  has  been  made  by  the 
invention  of  a  hypothesis  which ,  though  verifiable,  often 
had  little  foundation  to  start  with  ” — T.  H.  Huxley. 

In  the  first  paper  of  this  series (1)  we  proposed 
adding  a  “  suggestion  ”  to  the  technique  of  prob¬ 
ability  expounded  by  Dr.  I.  J.  Good(2).  The 
“  suggestion  ”  was  that  for  scientific  research  to 
be  at  its  most  fruitful  the  “  Unconscious  ”  should 
be  recognized,  specifically,  as  being  of  funda¬ 
mental  importance  in  probability  judgments  and 
scientific  inference.  Good’s  theory  allows  for  sug¬ 
gestions  to  be  added  or  rejected  at  will;  the  con¬ 
sequence  of  acceptance  being  an  increase  in 
objectivity.  Three  further  suggestions  are  advanced 
in  this  paper.  They  are  (1)  the  Unconscious  is  part 
of  a  psychic  universe  which  interpenetrates  and 
interacts  with  the  physical  world  we  know;  (2)  this 
universe  is  similar  to  the  one  described  by  Pro¬ 
fessor  Sir  Cyril  Burt(3)  and  to  that  formulated  by 
Professor  Carl  Jung(4);  and  (3)  the  modern  inter¬ 
pretation  of  particle  physics  in  terms  of  mathe¬ 
matical  space  eliminates  the  distinction  between 
body  and  mind,  and  shows  a  living  organism  as 
one  entity  which  is  neither  of  a  purely  psychic 
nature,  as  conceived  by  Fechner(5),  nor  a  purely 
material  one,  as  conceived  by  Koffka(6),  but  of 
the  nature  of  a  “  transcendent  monism  ”  as  des¬ 
cribed  by  Professor  Burt(3). 

The  findings  of  current  research  in  particle 
physics  and  speculative,  but  informed,  opinions 
of  scientists  from  a  variety  of  disciplines  support 
these  suggestions.  Furthermore,  they  hint  that  the 
time  is  approaching  when  such  opinions  may  be 
open  to  experimental  investigation.  Illustrations 
will  be  given  of  the  picture  under  development  in 
particle  physics  of  a  physical  substratum,  and  of 
similarities  between  this  and  pictures  which  have 


been  drawn  of  a  psychical  substratum.  Speculation 
throughout  is  rooted  in  fact — the  position  is 
similar  to  that  described  by  Professor  Wheeler 
of  Princeton  University,  who  has  said  (talking  of 
geometrical  space(7))  “  .  .  .  nobody  is  inventing 
these  fluctuations  in  geometry.  The  interesting 
thing  is  that  they  are  forced  on  us  by  the  very 
mathematics  that  go  with  general  relativity  and 
the  quantum  principle  ...”  Likewise  in  psychiatry 
and  psychology  the  conclusions  of  Freud,  Jung, 
Burt,  and  others,  are  based  on  facts  and  shrewd 
observation. 

This  does  not  mean  that  the  fields  of  probability 
and  statistics  are  forsaken  for  those  of  particle 
physics  and  psychology* — these  already  overlap. 
Throughout  our  discussion  many  relevancies  to 
subjective  probability  and  statistics  will  appear; 
relations  between  mind  and  probability  and  judg¬ 
ment  have  already  been  established.  Moreover, 
measures  of  subjective  probability  can  be  inter¬ 
preted  in  terms  of  information  theory  and  en- 
tropy(2),  and  in  terms  of  neural  networks*8’ 9), 
thus  showing  that  subjective  probability  relates  to 
the  brain  as  well  as  the  mind — should  the  two  be 
different. 

There  has  been  much  disagreement  between 
learned  scientists  as  to  whether  the  two  are 
different.  Professor  Boring(10>  points  out  that  it 
is  one  thing  to  claim  that  mind  and  matter  are 
just  alternative  aspects  of  the  same  Reality;  it  is 
another  thing  to  show  that  this  is  so.  Boring  also 
remarks  that,  whether  or  not  this  can  be  done, 
the  two  often  have  to  be  treated  differently.  Pro¬ 
fessor  Burt  argues  that,  in  view  of  modern  physics, 
the  psychic  system  should  be  regarded  as  anal- 
agous  to  a  field  (consistent  with  Gestalt  psych¬ 
ology)  and  that  we  should  regard  consciousness 
as  an  awareness  of  relations  and  events  rather 
than  of  substances  and  attributes.  He  claims  that  a 
modification  of  the  dualistic  approach  along  these 
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lines  is  called  for  by  the  evidence  we  have  before 
us.  It  will  be  shown  that  this  evidence  throws 
emphasis  on  to  the  thermodynamics  of  mental 
(particularly  emotional)  activity  and  on  to  psycho¬ 
logical  time. 

The  names  of  Professor  Burt  and  Professor  Sir 
Charles  Sherrington  figure  prominently  in  the  list 
of  those  holding  a  dualistic  outlook.  Among  the 
monists,  holding  opposing  views,  are  Freud  and 
Dr.  Grey  Walter.  The  pictures  of  mind  most  near 
to  the  promised  substratum  of  particle  physics 
appear  to  be  those  of  Burt  and  Jung.  The  philos¬ 
ophy  of  Jung  is  acknowledged  to  be  most  difficult 
to  comprehend  and  open  to  various  interpreta¬ 
tions.  But  he  could  be  classified  as  a  dualist  for 
his  suggestion  that  death  does  not  end  existence 
(except  for  the  individual  consciousness).  The 
body-mind  dichotomy  is  clearly  controversial  and 
it  is  open  to  the  kinds  of  conceptual  error  and 
bias  which  were  discussed  in  the  previous  paper. 
It  is  interesting  and  worthwhile  to  consider  Sher¬ 
rington  and  Freud  in  this  respect. 

Sherrington  was  a  neuro-physiologist,  and  Freud 
spent  15  years  as  a  neuro-physiologist,  before 
the  mundane  necessity  of  providing  a  better  living 
compelled  him  to  go  into  medicine.  Both  were 
first-class  scientists;  they  based  their  opinions  on 
fact  and  observation.  It  would  seem  that  both 
were  biased  in  their  attitude  to  religion,  and  this 
is  perhaps  reflected  in  their  scientific  theorizing. 
Both  were  led  by  their  work  to  admit  the  existence 
of  unconscious  mind — although  Sherrington  called 
it  subconscious  (did  this  have  Freudian  signifi¬ 
cance  ?).  But  they  arrived  at,  and  used,  their  con¬ 
clusions  in  different  ways.  Sherrington’s  cautious 
and  restrained  speculation  can  be  contrasted  with 
Freud’s  insight,  the  one  cautiously  building  up  fo 
the  concept  of  “  subconscious  ”  mind,  the  other 
postulating  the  Unconscious  as  a  first  and  basic 
step  in  a  series  of  steps  which  led  to  the  astonishing 
field  of  psycho-analysis.  Sherrington,  in  fact,  is 
referred  to  as  “  wise  and  cautious  ”  by  Dr.  Joan 
Wynn  Reeves(11\  a  modern  writer  on  philosophy 
and  psychology,  to  whom  further  reference  will  be 
made.  Freud  was  a  genius,  described  by  Calvin  S. 
Hall(12)  as  one  of  the  few  truly  “  universal  ”  minds 
like  Shakespeare  and  Leonardo  da  Vinci. 

Freud,  perhaps  in  trying  to  explain  too  much, 
or  possibly  because  of  some  conceptual  bias  (he 
would  never  submit  himself  to  fellow  psycho¬ 
analysts  for  analysis),  enunciated  principles  which 
were  unacceptable  to  some  psychologists  of  his  day, 
and  still  are  to  present-day  psychologists  and  psy¬ 
chiatrists.  Jung,  a  young  Zurich  psychiatrist,  was 
among  the  first  to  become  interested  in  the  new 
ideas  of  Sigmund  Freud.  For  some  years  he  was 
an  enthusiastic  and  favoured  participant  in  the 
infant  psychoanalytic  movement,  but  soon  serious 


ideological  and  personal  differences  developed 
which  resulted  in  definite  and  increasingly  embit¬ 
tered  cleavage.  Jung  founded  his  own  school  with 
a  distinct  name:  Analytical  Psychology. 

Sherrington,  perhaps  through  over-caution,  or 
possibly  because  of  proper  scientific  restraint, 
appears  reluctant  to  be  drawn  into  detailed  specu¬ 
lation.  Even  so,  the  views  he  gives  on  Natural 
Religion  and  Evolution  are  open  to  question.  His 
strength,  seemingly,  lay  in  analysis  rather  than 
synthesis.  Perhaps  this  is  why  he  chose,  and 
remained  in,  his  field  of  study.  In  contra-distinc¬ 
tion,  Freud  was  intrigued  by  problems  of  the 
mind:  neuro-physiology  and  medicine  were  fields 
too  confined  for  his  ranging  interests.  He  was  at 
heart  a  psychologist  and  not  a  psychiatrist. 

That  opportunities  were  available  to  Sherring¬ 
ton  for  speculative  research  is  evidenced  by  the 
case  of  the  pineal  gland.  In  his  day  this  was 
thought  either  to  be  vestigeal  or  of  no  functional 
value — it  is  known  to-day  to  produce  Melatonin, 
used  in  hypnosis,  and  found  to  affect  the  nervous 
system.  Also,  Sherrington  dismissed  the  chambers 
of  the  brain  as  having  no  nervous  significance, 
saying  that  they  served  only  to  increase  the  sur¬ 
face  of  the  brain — we  now  know  that  this  is  not 
the  only  role  they  play.  The  dismissal  of  their 
significance  occurs  during  his  rejection  of  the 
views  of  Galen  (a  celebrated  second  century  A.D. 
physician)  that  the  chambers  were  of  fundamental 
importance  in  the  working  of  the  mind.  Judging 
the  brain  and  nerves  to  be  tenanted  bv  subtle  and 
ultra-tenuous  spirits  Galen  saw  in  the  chambers 
of  the  brain  their  reservoirs.  It  is  strange  that 
Sherrington  should  reject  the  claim  that  they  hav^e 
significance  in  the  working  of  the  mind  on  the 
grounds  that  they  have  no  nervous  significance, 
for  Sherrington  himself(13)  distinguishes  between 
mind  and  brain,  admitting  that  the  only  correla¬ 
tions  to  be  observed  between  them  are  gross  ones. 

Professor  Burt,  echoing  this  duality  some  eigh¬ 
teen  hundred  years  later,  sees  a  similar  occupancy 
of  the  brain  and  certain  of  the  nerves  by  a  psychical 
mind  and  offers  suggestions  for  the  inter-correla¬ 
tion  of  mind  and  nerve.  He  refers  to  develop¬ 
ments  in  particle  physics  and  remarks  how  easy 
it  would  be  for  the  modern  physicist  to  conceive 
of  two  completely  separate  universes  existing 
simultaneously.  The  two  systems  might  inter¬ 
penetrate  yet  an  observer  belonging  to  either  would 
be  unaware  of  the  other  system. 

Jung’s  philosophy  is  complementary  to  that  of 
Sir  Cyril  Burt.  Of  all  the  psycho-analytic  schemes 
it  is,  perhaps,  the  most  well-rooted  in  the  world 
outside  psychiatry  (it  could  be  argued  that  he  has 
a  more  representative  sample  !)  and  it  is  also  the 
one  most  capable  of  application  to  the  outside 
world.  Jung  retains  the  Freudian  term  libido  but 
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gives  it  a  different  meaning.  He  means  by  the 
term  a  life  energy  underlying  all  natural  phen¬ 
omena,  including  the  human  psyche — apparently 
rather  similar  to  a  concept  of  elan  vital.  Although 
it  takes  many  forms,  it  can  no  more  be  obliterated 
than  the  energy  of  physics,  which  Jung  often  uses 
in  analogy.  In  his  later  writings  these  direct  anal¬ 
ogies  to  physics  give  way  to  a  poetic  sense  of  the 
dark  life  forces  within  us,  which  are  also  divine- 
forces  which  threaten  and  ennoble  us  and  which 
may  not  be  denied. 

The  remainder  of  this  paper  will  be  devoted  to 
the  elucidation  and  expansion  of  the  foregoing  con¬ 
cepts,  and  their  interpretation  into  terms  of  modern 
physical  thought. 

From  the  time  of  Plato  men  have  sought  to 
distinguish  between  material  and  non-material 
aspects  of  living  entities  and,  vice-versa ,  other 
men  have  striven  to  eliminate  this  distinction.  Galen 
conceived  the  brain  and  nerves  to  be  occupied  by 
spirits.  Fernel,  in  the  sixteenth  century — an  out¬ 
standing  scientific  thinker  of  his  time — saw  that 
within  the  brain  certain  spirits  of  the  life-principle 
were  sublimated  step  by  step  with  man’s  intellect 
and  reason.  Sherrington,  in  turn,  retained  a 
division  between  matter,  or  energy,  and  non¬ 
matter,  but  changed  the  nomenclature  from 
“  spirit  ”  to  “  mind  ”,  or  “  psyche  ”  He  main¬ 
tained  a  distinction,  also,  between  various  grades 
of  mind.  A  phenomenon  that  puzzled  Sherrington 
was  that  mind  seems  to  come  from  nothing  and  to 
return  to  nothing.  The  devolution  into  nothing  was 
for  him  as  difficult  to  accept  as  the  evolution  out 
of  nothing.  To  account  for  this  he  postulated  a 
joint  evolution,  within  one  entity,  of  body  and 
mind,  with  only  gross  correlation  between  them. 
In  his  own  words  “  ...  if  the  mental  were  some 
form  of  the  energy  it  adheres  to,  the  story  would 
be  one  of  energy  transformation  ”.  Sherrington 
also  saw  that  time  was  of  prime  importance  in  the 
working  of  the  mind.  He  pointed  out,  too,  that 
differences  between  living  and  non-living  had  dis¬ 
appeared;  there  was  no  longer  any  clear  cut  lower 
limit  to  mind.  Panpsychism  had  already  developed 
its  theme  on  this*  and  L.  Ron  Hubbard  was  sub¬ 
sequently  to  elaborate  extensively  on  it(14) 


*  Views  of  this  kind  seem  to  attract  a  wide  variety  of 
reactions  from  contemporary  scientists.  These  range 
from  bitter  and  scathing  condemnation  (Grey  Walter  on 
L.  Ron  Hubbard)  to  sardonic  humour  (Boring  on  Fech- 
ner).  Boring  explains  reactions  of  the  mid-nineteenth 
century  thus:  “For  Fechncr,  in  the  materialistic  age  of 
science,  to  argue  for  the  mental  life  of  plants,  even 
before  Darwin  had  made  the  mental  life  of  animals  a 
crucial  issue,  was  for  him  to  court  scientific  unpopu¬ 
larity.’*  Professor  Capek  of  Carlcton  College,  Minnesota, 
states  that  it  is  certainly  unfair  to  place  Leibniz’s  or 
Whitehead’s  panpsychism  epistemologically  on  the  same 
level  as  pre-Socratic  hylozoism  or  primitive  animism. 


The  period  when  Sherrington  was  writing  on 
life  and  mind  was  rich  in  creative,  and  varied, 
thought  on  these  subjects.  Freud  was  writing  An 
Outline  of  Psycho-Analysis ;  Koffka  had  just  pub¬ 
lished  his  work  on  Gestalt  psychology;  Schrodinger 
was  writing  on  life  in  terms  of  energy  and  entropy; 
and  C.  S.  Lewis  was  writing  of  entities  which  were 
not  material (15). 

Koffka  and  Schrodinger  introduce  us  to 
attempts  to  unify  body  and  mind — sometimes  as 
one  completely  psychic  entity,  other  times  as  a 
completely  material  one.  These  (for  our  purpose) 
started  around  the  middle  of  the  nineteenth  cen¬ 
tury,  in  the  earliest  days  of  experimental  psych¬ 
ology,  with  Gustav  Fechner.  Fechner’s  contribu¬ 
tion  to  posterity  was  that  he  introduced  the  con¬ 
cept  of  measurement  to  psychology.  While  there 
is  some  doubt  as  to  what  he  actually  measured, 
the  importance  of  his  innovation  of  method  is 
beyond  question.  Fechner’s  view  of  the  relation 
of  body  and  mind  was  not  that  of  psycho-physical 
parallelism,  but  what  has  been  called  the  “  identity 
hypothesis  ”  and  also  “  panpsychism  The 
writing  of  an  equation  (the  Weber-Fechner  law) 
between  the  mind  and  the  body  in  terms  of  Weber’s 
law  seemed  to  him  virtually  a  demonstration  both 
of  their  identity  and  of  their  fundamental  psychic 
character.  Although  he  began  with  a  dualism  it 
must  be  remembered  that  he  thought  he  had  shown 
that  the  dualism  is  not  real  and  is  made  to  dis¬ 
appear  by  the  writing  of  the  true  equation  behind 
the  two  terms.  The  influence  of  Fechner’s  intro¬ 
duction  of  measurement  still  pervades  psycho¬ 
logical  experimentation. 

Another  important  contribution  to  psychology 
was  initiated  in  1912  by  Wertheimer:  this  was  Ges¬ 
talt  psychology.  To  this  day,  the  patterned  char¬ 
acter  of  physical  fields  provides  a  useful  analogy 
with  patterns  of  organization  of  psychological 
events.  Hence  modern  Gestalt  psychology  some¬ 
times  goes  under  the  name  of  field  theory  to  con¬ 
trast  it  with  other,  more  analytical,  viewpoints. 
Koffka  in  1935  represented  a  search  for  the 
material  basic  of  all  cosmic  phenomena,  which 
would  account  for  all  inorganic,  bio-physical  and 
mental  processes;  the  last-named  category  would 
include  civilization  and  its  works.  Koffka’s  defin¬ 
ition  includes  the  statement  that  organization  is 
the  process  that  leads  to  a  Gestalt  and  that  organ¬ 
ization  is  diametrically  opposed  to  chance  distribu¬ 
tion.  This  returns  the  discussion  to  information 
theory,  entropy  and  Schrodinger. 

Among  others  of  this  time  (including  Freud — 
for  whom  psychic  energy  was  no  different  from 
bodily  energy  and  was,  therefore,  limited  in  quan¬ 
tity)  Schrodinger  said  that  perhaps  the  dichotomy 
could  be  breached  by  the  explanation  of  life  in 
terms  of  physical  laws  which  were,  as  then,  un- 
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known.  His  paper  "  Heredity  and  the  Quantum 
Theory"  was  the  forerunner  of  many  attempts 
to  portray  life  in  terms  of  entropy  and  information 
theory — the  latest  of  which  feature  such  things 
as  Biological  Entropy  Pumps(ie)  and  Times 
Arrcmiw . 

Schrodinger  saw  that  living  matter,  while  not 
eluding  the  laws  of  physics  as  established  to  date, 
was  likely  to  involve  other  laws  of  physics,  as  then 
unknown,  which,  however,  once  they  were 
revealed,  would  form  just  as  integral  a  part  of 
science  as  the  former.  He  wrote:  “  It  is  by  avoiding 
the  rapid  decay  into  the  inert  state  of  thermo¬ 
dynamical  equilibrium  that  an  organism  appears 
so  enigmatic;  so  much  so,  that  from  the  earliest 
times  of  human  thought  some  special  non-physical 
or  supernatural  force  was  claimed  to  be  in  opera¬ 
tion  in  the  organism,  and  in  some  quarters  is  still 
claimed.” 

Sir  Arthur  Stanley  Eddington,  the  greatest 
astronomer  of  his  day,  wrote:  “All  through  the 
physical  world  runs  that  unknown  context,  which 
must  surely  be  the  stuff  of  our  consciousness.  Here 
is  a  hint  of  aspects  deep  within  the  world  of  physics 
and  yet  unattainable  by  the  methods  of  physics.” 

Let  us  compare  these  views  with  those  of 
present-day  particle  physicists.  Gerald  Feinberg, 
Professor  of  Physics  at  Columbia  University(18> 
offers  a  modernized  version  of  Schrodinger’ s  state¬ 
ment.  He  writes:  “  Some  physicists  have  argued 
that  the  laws  of  quantum  mechanics  are  insufficient 
to  explain  living  phenomena  (Walter  Elsasser)  or 
mental  phenomena  (Eugene  Wigner).  I  think  it  is 
premature  to  draw  these  conclusions,  since  the 
detailed  study  of  living  phenomena  with  the  full 
use  of  physics  and  chemistry  is  rather  recent,  and 
its  spectacular  progress  is  such  that  predictions 
of  impotence  may  soon  be  falsified.” 

Likewise,  R  Bernhard (19)  presents  a  modern 
version  of  Eddington’s  comment:  “The  only 
permanent  elements  of  nature  are  not  particles  but 
certain  of  their  abstract  attributes  lying  concealed 
in  the  transcendental  symmetries  of  fictitious 
mathematical  spaces.  The  Harmony  in  nature  is 
now  seen  in  particle  theory  as  synonymous  with 
abstruse  symmetries  incalculably  more  sophisti¬ 
cated  than  the  obvious  geometrical  patterns 
trapped  by  the  ‘  Real  ’  space  at  the  time  of  man’s 
apperceptions  ”,  That  Eddington’s  “  stuff  of  con¬ 
sciousness  ”  is  one  aspect  of  this  “  Harmony  in 
nature  ”  is  the  theme  of  this  paper. 

Returning  to  entropy,  Schrodinger  contrasted 
the  purely  mechanical  with  the  thermodynamical 
conduct  of  a  living  organism.  He  observed  that 
Life  seems  to  be  orderly  and  lawful  behaviour  of 
matter,  not  based  exclusively  on  its  tendency  to 
go  over  from  order  to  disorder,  but  based  partly 
on  existing  order  that  is  kept  up.  In  his  paper  he 


sketches  the  bearing  of  the  entropy  principle  on 
the  large-scale  behaviour  of  the  living  organism. 
The  relationship  between  a  living  organism  and 
its  environment  is  expressed  in  terms  of  statistical 
theory.  This  involves  a  change  of  sign  in  Boltz- 
man’s  equation  to  give 

-  (entropy) =k  log  C/d) 

where  k  is  Boltzman’s  constant  and,  as  D  is  a 
measure  of  disorder,  1/I)  is  a  direct  measure  of 
order.  D  is  a  quantitative  measure  of  the  atomistic 
disorder  of  the  body  in  question.  The  disorder  it 
indicates  is  partly  that  of  heat  motion,  partly  that 
which  consists  in  different  kinds  of  atoms  and 
molecules  being  mixed  at  random,  instead  of  being 
neatly  separated. 

We  have  previously  described  (Reference  (20)) 
how  the  equation 

— F(x)=k  log  (odds) 

is  derived  from  the  logistic  curve.  In  this  trans¬ 
formation,  unless  there  is  a  change  of  sign  in  F(x), 
the  discussion  is  changed  from  one  concerning  the 
occurrence  of  events  to  one  concerning  their  non¬ 
occurrence.  This  seems  consistent  with  Schrod¬ 
inger’s  observation  on  existing  order  being  kept 
up.  It  is  of  incidental  interest  that  the  word 
4  entropy  ’  was  coined  in  thermodynamics  to  mean 
transformation. 

At  this  point  we  must  refer  again  to  the  Weber- 
Feckner  law.  This  is  of  the  form 

S=k  log  P/r),  or  S=k  log(R') 
where  r  is  the  threshold  value  of  stimulus  R,  R' 
is  the  stimulus  in  terms  of  r,  and  S  was  claimed 
to  be  sensation.  This  was  based  on  certain  assump¬ 
tions  concerning  “just  noticeable  differences”  of 
sensation  and  it  raised  much  controversy.  Fechner 
assumed  that  every  liminal  increment  of  sensation 
equals  every  other  one.  He  also  based  his  work  on 
the  normal  law — it  was  easier  then  to  assume  that 
the  normal  law  is  a  law  of  nature.  In  fact  the 
“jnd’s.”  are  not  always  equal,  and  we  have  seen 
that  in  many  cases — particularly  at  the  tails  of 
the  distributions — the  logistic  is  preferable  to  the 
normal  curve(21).  This  raises  the  interesting  point 
that  it  has  been  shown  that  Weber’s  law  is  apt 
to  be  wrong  for  the  low  values  of  any  convenient 
measure  of  stimulus  intensity.  Another  suggestive 
feature  is  that  the  psychology  which  depends  on 
this  law  also  requires  the  existence  of  negative 
sensations — the  full  significance  of  this  will  become 
manifest  in  the  section  of  the  paper  which  follows. 
Fechner  believed  that  “  the  representation  of  un¬ 
conscious  physical  values  by  negative  magnitude  is 
a  fundamental  point  for  psychophysics  ”(5),  and 
it  was  by  way  of  this  mathematical  logic  that  he 
came  to  the  doctrine  of  the  unconscious.  It  is 
hardly  necessary  to  point  out  the  similarities 
between  the  three  equations  we  have  just  con¬ 
sidered,  or  the  terms  composing  them. 
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Dr.  I.  J.  Good  calls  log  (odds)  the  plausibility 
and  differences  between  plausibilities  he  calls  the 
weight  of  evidence.  In  Probability  and  the  Weigh¬ 
ing  of  Evidence (2)  he  points  out  that  the  same 
units  can  be  used  for  measuring  weights  of 
evidence  and  entropy.  Shannon  demonstrated  that 
the  change  in  the  function  defined  by 

Si=— k  2  Pi  log  P, 

measures  the  amount  of  information  in  any 
message  and  it  has  been  shown  that  the  entropy 
of  Clausius,  who  coined  the  word,  is  derivable 
from  that  of  Shannon.  Dr.  Good  remarks  that  his 
(Good’s)  distinction  between  an  “experiment” 
and  an  “  event  ”  has  made  it  possible  to  introduce 
entropy  in  a  rather  more  direct  manner  than  that 
used  by  Shannon,  who  is  not  concerned  with 
amounts  of  information  relative  to  alternative 
hypotheses.  But  if  such  amounts  of  information 
are  considered,  it  is  found  that,  apart  from  sign , 
they  form  a  set  of  relative  weights  of  evidence. 
Entropy  may  be  said  to  measure  the  state  of  ignor¬ 
ance  of  a  person  relative  to  a  well-defined  ques¬ 
tion,  if  the  person  only  knows  a  probability  dis¬ 
tribution.  It  measures  the  expected  number  of 
questions  he  will  have  to  ask  in  order  to  go  from 
his  state  of  partial  knowledge  to  a  state  in  which 
he  knows  everything  about  the  well-defined  ques¬ 
tion.  We  could  consider  a  physical  system  and  ask 
the  question  “  In  what  quantum  state  is  this 
system  ?  ”  Of  course  one  can  never  say  in  which 
state  a  system  resides  but  rather  can  only  give 
a  probability  for  the  system  being  in  a  particular 
state.  The  probability  distribution  for  the  states 
must  be  consistent  with  the  observer’s  knowledge. 

An  amusing  but  cautionary  jingle(22)  against  the 
indiscriminate  use  of  information  concepts  in 
psychology  goes  as  follows: — 

Shannon  and  Weiner  and  I 
Have  found  it  confusing  to  try 
To  measure  sagacity 
And  channel  capacity 
By  2  Pi  log  Pi. 

In  addition  to  the  foregoing  equations  with 
their  accompanying  changes  of  sign,  we  have 
already  seen(21>  several  cases  of  similar  sign 
changes  in  particle  physics.  These  accompanied 
changes  from  conduction  of  electricity  to  the  con¬ 
duction  of  heat  and  from  the  mathematics  of  the 
denumerably  infinite  to  the  mathematics  of  the 
non-denumerable,  or  the  transfinite,  and  were  intro¬ 
duced  by  the  use  of  the  logistic  function.  It  is 
worthy  of  note  that  a  transfer  from  finite  to  trans¬ 
finite  can  be  shown,  theoretically,  to  follow  the 
operation,  or  process,  of  eliminating  the  quantiza¬ 
tion  of  matter(21),  and,  also,  that  Schrodinger(23) 
was  forced  to  admit  that  he  no  longer  believed  that 
quantum  jumps  really  occur.  He  suggested  that 


they  are  better  explained  by  so-called  resonant 
properties  of  the  atom.  Taken  together  this  plexus 
of  processes  is  in  agreement  with  Professor  Burt’s 
concepts  and  with  the  current  view  of  matter  as 
attributes  of  transcendental  mathematical  spaces. 
It  also  provides  a  rationale  for  investigating  the 
thermodynamics  of  mental  activity. 

With  regard  to  Bernard’s  “  fictitious  ”  mathe¬ 
matical  spaces,  to  the  transfinite  series  and  our 
opening  quotation,  it  should  be  recorded  that  John 
Campbell(21)  has  suggested  that  the  limit  of  the 
transfinite  series  is  the  limit  of  the  imagination. 
Appropriately,  Professor  Capek  has  written (24) 
“  .  .  .  to-day  it  is  obvious  that  the  objective  sub¬ 
strate  of  physical  phenomena  cannot  be  described 
in  imaginative  terms;  all  sensory  qualities  are 
basically  on  the  same  phenomenal  level,  which  is 
a  result  of  interaction  of  our  conscious  organism 
and  the  transphenomenal  physical  processes.  The 
transphenomenal  level  itself  seems  to  be  thus  for¬ 
ever  inaccessible  both  to  our  perception  and  to 
our  imagination;  it  can  be  neither  perceived  nor 
imagined.  Abstract  mathematical  constructs  seem 
to  be  to-day  the  only  way,  not  to  reach,  but  to 
represent  the  structure  of  the  transphenomenal 
plane  ”.  In  connection  with  the  last  sentence,  Bethe 
has  remarked  that  to  tackle  the  problem  of  the 
nucleus  more  powerful  mathematical  tools  are 
needed.  In  response  to  this  Gunther  and  Camp- 
bell(21)  have  suggested  Cantor’s  transfinite  sets.  In 
this  respect  we  can  point  out  that  we  have  already 
demonstrated (21)  several  applications  of  the 
logistic  function  in  particle  physics  which  involve 
transfinite  numbers. 

Cantor’s  original  work(25)  contains  interesting 
material  relevant  to  our  discussion.  In  it  are 
quoted  his  opinions  that: — 

(a)  functions  of  transfinite  numbers  are  ex¬ 
pressions  of  processes  and  relations  in  the 
outer  world  (as  distinguished  from  the 
intellect): 

(b)  the  process  followed  in  the  correct  formation 
of  a  concept  (which  is  everywhere  the  same) 
involves  first  the  “  existence  ”  of  the  con¬ 
cept  (pure  maths.)  and  then  proof  of  its 
existence  by  applied  mathematics  (meta¬ 
physics) — the  latter  process  coming  under 
the  heading  of  psychology: 

(c)  in  that  they  are  “  actual  ”  these  concepts 
modify,  in  a  definite  way,  the  substance  of 
the  mind: 

(d)  the  reality  of  our  conceptions  implies  the 
reality  of  the  “  external  ”  processes  because, 
according  to  Cantor,  this  is  a  consequence 
of  the  “  unity  of  the  All,  to  which  we  our¬ 
selves  belong”. 

We  can  add  to  these  the  observation  that  con¬ 
sidering,  also,  that  aggregates  play  a  vital  part  in 
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his  work  it  is  not  surprising  that  in  this  study  we 
have  arrived  at  the  realm  of  the  transfinite  by  our 
use  of  the  logistic.  What  remarkable  intellectual 
powers  and  prescience  Cantor  possessed  !  Con¬ 
sider  his  views  not  only  with  regard  to  the  pro¬ 
cesses  we  have  just  discussed  but  with  regard  to 
the  speculations  of  Good,  Russell,  and  Uttley<8). 

Good  conjectures  that  when  we  estimate  a  prob¬ 
ability  intuitively,  our  nervous  system  contains 
some  simple  approximate  physical  embodiment, 
i.e.  representation,  of  the  probability.  He  quotes 
Russell  and  Uttley  who  suggest  a  time  delay  which 
would  make  conditional  probabilities  easily 
embodiable.  Good  extends  the  conjecture  and 
shows  how  the  plausibility  of  a  hypothesis  could 
be  embodied  to  obtain  a  conceivable  explanation 
of  why  we  often  have  a  rough  immediate  intuitive 
appreciation  of  odds,  information,  weight  of 
evidence,  and  tendency  to  cause.  In  another  part 
of  his  paper  he  refers  to  probabilistic  causality 
and  indicates  that  the  notion  of  weight  of  evidence 
has  application  to  several  philosophical  problems. 
We  have  already  made  reference  to  Bayes’s  Postu- 
late(21)  using  the  logistic  curve  plotted  in  terms 
of  plausibility;  and  using  the  idea  of  the  trans¬ 
finite  (to  which  we  were  led  by  the  logistic)  we 
have  been  re-introduced  to  Bayes’s  Postulate.  We 
have,  in  fact,  seen  enough  in  our  applications  of 
the  logistic*21’ 26)  to  endorse  Good’s  opinion  that 
the  technical,  philosophical  and  practical  aspects 
of  a  subject  are  of  roughly  equal  interest.  Another, 
potential,  use  for  the  logistic  with  respect  to 
neural  networks  is  seen  in  a  paper  on  “  Error 
Minimizing  Neuronal  Nets  ”  delivered  by  L.  A.  M. 
Verbeck  at  a  symposium  on  Self -organization (8) 
where  the  logistic  function  would  represent  the 
probability  distributions  in  Figs.  2  and  3.  This  is 
to  be  expected  not  only  because  of  the  association 
of  the  logistic  with  the  representation  of  aggregates, 
but  also  because  of  its  association  with  subjective 
probability. 

While  on  the  topic  of  neural  networks  it  should 
not  be  left  unnoticed  that  Freud  made  a  contribu¬ 
tion  to  science  in  this  context.  For  some  time  Freud 
sought  to  relate  his  discoveries  to  neurophysio¬ 
logical  activities  within  the  brain  but  here  success 
eluded  him,  and  eludes  us  still.  However,  he  was 
able  to  point  to  a  relationship  between  the  associa¬ 
tive  method  of  recall  and  the  network  of  nerve  fila¬ 
ments  and  electrical  circuits  within  the  brain  on 
which  this  must  depend  and  which  provide  innum¬ 
erable  links  between  one  idea  and  another.  Much 
of  this  had  been  known  and  studied  for  many 
years  before  his  time,  but  once  again  it  was  his 
particular  contribution  to  point  out  the  vitally 
important  role  played  by  emotion  in  determining 
whether  or  not  a  chain  of  associations  would  in 
fact  be  readily  followed,  and  could  lead  auto¬ 


matically  to  a  particular  idea  or  constellation  of 
ideas  appearing  in  consciousness.  Hence  we  see 
a  physiological  relation  between  Emotion  and 
Judgment. 

Sherrington  cited  the  extreme  rapidity  of 
mental  changes  of  ideas  and  of  moods  as  evidence 
of  the  difference  between  mind  and  brain.  He 
wrote:  “The  mind  is  a  something  with  such  mani¬ 
fold  variety,  such  fleeting  changes,  such  countless 
nuances,  such  wealth  of  combination,  such  heights 
and  depths  of  mood,  such  sweeps  of  passion,  such 
vistas  of  imagination,  that  the  bald  submission 
of  some  electrical  potentials  recognizable  in  nerve 
centres  as  correlative  to  all  these  may  seem  to  the 
special  student  of  mind  almost  derisory.” 

Professor  Feinberg  cites  a  similar  ephemerality 
of  particles  as  manifestations  of  an  underlying 
structure  to  physics.  He  points  out  that  one  of  the 
most  striking  characteristics  of  particles  is  that  at 
high  energies  they  are  easily  created  or  destroyed 
or  transformed  into  one  another.  It  seems  strange 
that  this  would  occur  if  particles  were  really  fund¬ 
amental.  Professor  Burt  anticipates  the  union  of 
the  two  views:  “  The  ultimate  truth  can  only  be 
that  both  worlds  as  we  know  them — the  physical 
and  the  psychical — are  but  working  models  of  a 
deeper  and  fuller  reality,  at  present  unknown,  and 
possibly  unknowable.  It  is  tempting  to  suppose 
that  it  must  be  in  some  way  psycho- physical,  and 
therefore  ‘  neutral  ’  in  the  sense  that  it  is  neither 
purely  mental  nor  purely  material.  In  that  case, 
it  might  be  said,  we  arc  after  all  opting  for  a  kind 
of  ‘neutral  monism  ’.  But  it  would  be  a  transcen¬ 
dent  not  an  immanent  monism  ”. 

Sherrington  continued,  “  It  is,  further,  more 
than  mere  lack  of  corresponding  complexity  which 
frustrates  the  comparison  (between  mind  and 
brain).  The  mental  is  not  examinable  as  a  form 
of  energy.  That  in  brief  is  the  gap  which  parts 
Psychiatry  and  Physiology.  No  mere  running 
round  the  cycle  of  the  ‘  forms  of  energy  ’  takes  us 
across  that  chasm.  Perhaps  that  is  what  William 
McDougall  was  meaning  when  he  exclaimed, 
‘Medicine  has  nothing  to  learn  from  psychology 
nor  psychology  from  medicine  ’  ”. 

The  answer  to  the  question  of  the  relationship 
between  the  working  of  the  brain  and  the  working 
of  the  mind  Sherrington  surmized  to  be:  “  thoughts, 
feelings,  and  so  on  are  not  amenable  to  the  energy 
(matter)  concept.  They  lie  outside  it.  Therefore 
they  lie  outside  Natural  Science  ...  As  followers 
of  Natural  Science  we  know  nothing  of  any  rela¬ 
tion  between  thoughts  and  the  brain,  except  as  a 
gross  correlation  in  time  and  space  ”  He  then 
proceeds  to  outline  how,  in  some  ways,  this  is 
embarrassing  for  biology,  pointing  out  that  the 
categories  of  living  and  lifeless  as  regards  science 
disappear;  there  is  no  radical  scientific  difference 
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between  living  and  dead.  “Time  was  when  to 
think  and  breathe  were  on  an  equality  as  attributes 
of  Life.  Now  living,  so  far  as  breathing,  moving, 
assimilating,  growing,  reproducing,  etc.,  amount  to 
life,  has  by  natural  science  been  accounted  for — 
some  might  say  4  explained  \  There  is  nothing  in 
them  which  does  not  fall  within  the  province  of 
science — they  are  chemistry  and  physics.  But 
though  living  is  analyzable  and  describable  by 
Natural  Science,  that  associate  of  living,  thought, 
escapes  and  remains  refractory  to  Natural  Science.” 

The  significance  of  the  plexus  of  processes  and 
changes  of  sign  (or  direction ),  to  which  we  referred 
earlier,  was  enhanced  by  the  analogies  between 
neural  networks  and  “  subjectiveness  ”  (in  the 
statistical  sense).  In  the  following  section  further 
significance  will  be  gained  when  this  plexus  is 
related  to  observations  on  Times  Arrow,  Mathe¬ 
matical  Spaces  and  certain  physiological  phen¬ 
omena.  Not  only  are  these  factual;  they  suggest 
possibilities  of  experimental  investigation — with 
the  inference  that  perhaps  the  mental  may  after 
all  be  examinable  as  a  form  of  energy. 

It  is  to  Sherrington’s  credit  that  he  foresaw  the 
analogy  between  the  brain  and  a  computer.  He 
wrote,  “ ...  of  three  aspects  of  mind  broadly 
distinguishable,  the  effective,  connotive,  and  cog¬ 
nitive,  one  inference  perhaps  to  be  drawn  from 
the  human  brain  is  that  growth  of  cognitive  pro¬ 
cesses  makes  wholesale  demand  on  numbers  of 
nerve-cells.  We  can  understand  how  this  might 
be  if  a  principle  such  as  the  4  association  ’  of  old- 
time  psychology  be  largely  engaged  in  it.  An 
automatic  card-index  on  an  enormous  scale  with 
copious  cross-references  may  be  asked  for.  This 
part  of  the  brain  is  evidently  cumulative  in  time. 
And  so  is  knowledge.  May  it  not  be  that  there  is 
a  correlation  between  the  two?  ...” 

Professor  Burt,  the  latest  in  the  succession  of 
dualists,  and  possibly  one  of  the  last,  points  accur¬ 
ately  to  the  solution  to  the  mind/body  relation¬ 
ship  and  at  the  same  time  incorporates  the  best 
features  of  many  philosophies  into  his  theme,  such 
as  the  Gestalt  “  field  ”  and  the  concept  of 44  inform¬ 
ation  ”,  as  well  as  the  findings  of  modern  physics. 
He  describes  as  manifestly  false  a  recent  declara¬ 
tion  that  there  is  nothing  in  the  life  or  behaviour 
of  man  which  cannot  ultimately  be  explained  in 
terms  of  the  chemistry  of  the  nervous  system.  In 
his  speculative  paper  on  “Mind  and  Conscious¬ 
ness  ”  he  replies  to  this  assertion  thus:  “When  an 
electric  impulse  stimulates  the  nerve-cells  at  the 
back  of  the  brain,  I  see  colours;  when  an  impulse 
of  precisely  the  same  type  stimulates  the  nerve- 
cells  of  my  temporal  lobes,  I  hear  musical  sounds. 
And  these  conscious  experiences  and  their  differ¬ 
ences  cannot  themselves  be  described  in  terms  of 


the  chemical  changes  in  any  kind  of  matter.  The 
phenomena  and  the  laws  of  chemistry  have  noth¬ 
ing  to  do  with  seeing  green  or  red,  or  hearing  a 
symphony  concert.  If  the  brain  was  really  respon¬ 
sible  for  such  characteristics  or  could  generate 
such  experiences,  then  it  would  be  much  more  like 
what  is  popularly  termed  a  mind,  and  quite 
different  from  the  pinkish  putty-like  mass  dis¬ 
sected  by  the  anatomist  or  stimulated  by  the  sur¬ 
geon’s  electrode  on  the  operating  table.” 

The  difficulties  in  comprehension  arise,  accord¬ 
ing  to  Professor  Burt,  because  of  tacit  assumptions 
that  the  phenomena  in  question  are  to  be  described 
in  terms  of  substances  and  their  attributes,  that 
is,  in  terms  of  the  traditional  logic  of  subject  and 
predicate.  Modern  logic,  however,  insists  on  the 
supreme  importance  of  a  third  category,  namely 
the  category  of  relation;  and  modern  science  is 
built  up  by  arguments  which  consist  of  relational 
propositions  rather  than  of  predicative  propo¬ 
sitions. 

Dr.  Joan  Wynn  Reeves  describes,  admirably, 
these  changes  in  logic,  together  with  their  accom¬ 
panying  changes  in  assumptions  and  outlook  in 
philosophy  and  psychology  in  44  Body  and  Mind 
in  Western  Thought  ”(11>.  Professor  Capek  also 
refers  to  the  inadequacies  of  the  traditional  logic 
in  the  following  quotation  which  is  worth  giving 
in  full,  for  its  clear  summing  up  of  the  situation, 
for  its  reference  to  temporal  span,  and  for  its 
wealth  of  references. 

“At  that  time  it  was  not  sufficiendy  clear  that 
the  substance-attribute  relation  reflected  too  slav¬ 
ishly  the  linguistic  noun-adjective  relation;  it  had 
been  uncritically  assumed  that  grammatical  struc¬ 
ture  is  a  true  replica  of  the  structure  of  reality. 
Only  under  the  impact  of  James,  Ward,  and  the 
Gestalt  psychology  were  the  fictitious  substantial 
psychical  atoms  dissolved  into  the  dynamic  whole¬ 
ness  of  the  stream  of  thought.  Although  in  physics 
the  concept  of  substance  seemed  to  be  fairly  well 
established  at  the  turn  of  the  century,  it  eventu¬ 
ally  yielded  to  the  growing  pressure  of  the  recently 
discovered  facts.  The  substantial  aether  as  well  as 
substantial  material  particles  are  being  replaced 
by  events.  In  Jeans’s  words; 

4  Thus  the  events  must  be  treated  as  the  fund¬ 
amental  objective  constituents,  and  we  must 
no  longer  think  of  the  universe  as  consisting 
of  solid  pieces  of  matter  which  persist  in 
time,  and  move  about  in  space  . .  .  Events  and 
not  particles  constitute  the  true  objective 
reality  .  .  .  ’. 

The  same  conclusion  is  reached  by  such  widely 
different  thinkers  as  Russell,  Jeans,  Whitehead, 
Bergson,  and  Bachelard.  A  few  lines  after  the 


passage  just  quoted  Jeans  quotes  Russell  approv¬ 
ingly:— 

‘The  events  that  happen  in  our  minds  are 
part  of  the  course  of  nature,  and  we  do  not 
know  that  the  events  which  happen  elsewhere 
are  of  a  totally  different  kind.’ 

Evidently  there  is  growing  realization  not  only 
that  the  category  of  substance  should  be  super¬ 
seded  by  that  of  process,  but  also  that  process 
is  a  category  applicable  to  both  physical  and 
mental  realms.  Bertrand  Russell’s  words  indicate 
not  only  that  the  traditional  substantialism  is  dead 
both  in  physics  and  psychology  but  also  that  the 
Cartesian  distinction  between  the  mental  and 
physical  must  be  given  up,  because  in  either  realm 
the  concept  of  event  becomes  fundamental.  This 
does  not  mean  that  the  distinction  between  the 
two  realms  is  completely  wiped  out.  Although 
both  ‘  matter  ’  and  ‘  mind  ’  are  constituted  by 
events,  the  differences  between  ‘  physical  ’  and 
‘  psychological  ’  events  remain.  One  most  con¬ 
spicuous  difference  has  already  been  mentioned: 
the  difference  of  temporal  span.  Perhaps  along  this 
line  the  true  solution  of  the  traditional  mind-body 
problem  should  be  looked  for,  and  Bergson’s 
4  Matter  and  Memory  ’  represents  an  interesting 
attempt  in  this  direction'’. 

Professor  Burt  sees  the  “  stuff  of  consciousness  ” 
of  Eddington  as  a  psychic  universe  consisting  of 
events  or  entities  linked  by  psychic  interactions, 
and  obeying  laws  of  their  own.  This  inter¬ 
penetrates  the  physical  universe  and  partly  over¬ 
laps  it,  much  as  the  various  interactions  already 
discovered  and  recognized  in  particle  physics  over¬ 
lap  each  other.  Burt  suggests  that  the  simplest  way 
to  conceive  of  such  a  psychic  system  would  be  in 
the  analogy  of  a  “  field  ”.  But  it  would  be  not  a 
field  of  force,  but  “of  information  ”.  Nor  would 
it  occupy  space  and  time,  although  the  field  must 
be  capable  of  exercising  some  kind  of  spatio- 
temporal  influence.  He  describes  how  two  uni¬ 
verses  could  be  conceived,  one  composed  of 
elementary  particles  having  mass  and  therefore 
gravitational  interaction,  but,  like  most  of  the 
man-sized  objects  familiar  to  us,  no  electric  charge 
and  therefore  no  electrical  interaction,  and  the 
other  composed  of  elementary  particles  which  are 
subject  to  electrical  interaction,  but,  like  the 
photon,  having  no  mass  and  therefore  incapable 
of  gravitational  interaction.  In  the  actual  universe 
as  we  know  it,  certain  entities — electrons  and 
protons,  for  instance — prove  to  be  subject  to  both 
kinds  of  interaction.  Hence  the  two  systems,  for 
reasons  we  cannot  even  guess,  are  in  some  measure 
linked.  This  being  so,  he  says,  there  can  be  no 
antecedent  improbability  which  forbids  us  postu¬ 
lating  yet  another  system  and  yet  other  types  of 
interactions  (currently  being  found)  awaiting  more 
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intensive  investigation  such  as  his  “  psychic  ” 
universe. 

Perhaps  Professor  Feinberg  is  describing  this  uni¬ 
verse  in  the  following  quotation:  . .  In  the  trans¬ 
formations  that  occur  when  particles  interact,  how¬ 
ever,  some  things  remain  constant.  These  are  the 
conserved  quantities,  such  as  electric  charge  and 
energy.  Other  quantities  change  very  slowly,  such 
as  parity.  There  is,  furthermore,  the  mysterious 
fact  that  the  electric  charge  of  apparently  un¬ 
related  particles  such  as  the  proton  and  the  posi¬ 
tron  are  equal.  If  indeed  there  is  a  substratum 
underlying  particle  physics,  these  quantities  must 
be  properties  of  the  underlying  stuff.” 

This  underlying  substratum  sounds  reminiscent 
of  Dr.  Stafford  Clark’s  interpretation  of  Jung’s 
Universal  Unconscious*4  “From  Jung’s  studies 
he  evolved  the  remarkable  conception  that  beneath 
the  individual  area  of  unconscious  mental  experi¬ 
ence,  there  existed  a  wider  reservoir  shared  in  the 
first  instance  by  all  members  of  any  self-contained 
community.  To  this  he  gave  the  name  of  the 
Racial  Unconscious. 

“  Deeper  still,  and  in  some  way  in  the  depths  of 
the  unconscious  mind  of  every  human  being,  there 
lay  a  common  pool  of  all  known  mental  life, 
extending  both  in  time  and  space  to  embrace  the 
background  to  the  whole  of  human  existence.  This 
Jung  has  called  the  Universal  Unconscious. 

The  easiest  and  most  diagrammatic  way  to 
imagine  what  this  conception  means  is  to  think  of 
all  human  experiences  and  mental  life  as  one  vast 
plateau  rising  above  the  surface  of  the  unknown, 
and  separating  into  a  number  of  mountain  ranges, 
which  in  turn  give  rise  to  innumerable  separate 
peaks.  A  line  drawn  just  below  the  level  of  the 
tops  of  the  peaks  will  disclose  only  a  vast  number 
of  separate  islands  projecting  above  the  surface. 
These  are  the  separate  minds  and  consciousness 
of  living  individuals,  and  the  area  immediately 
below  the  surface  in  each  one  of  them  is  that  area 
of  unconscious  mental  life  of  which  we  have 
essayed  so  necessarily  brief  a  glimpse  in  the  earlier 
part  of  this  chapter,  and  with  which  the  detailed 
study  of  Freudian  psychopathology  is  essentially 
concerned.  But  further  down,  the  shoulders  of 
the  peaks  spread  and  merge  until  the  whole  joint 
ranges  occur,  from  which  each  separate  pinnacle 
has  taken  origin  and  to  which  it  owes  its  solid 
foundation.  This  can  be  compared  with  the  racial 
unconscious,  the  shared  but  totally  unconscious 
mental  life  of  a  self-contained  community,  their 
common  fears  and  hopes,  myths  and  dreams,  of 
which  each  may  be  aware  only  at  times  and  only 
in  part.  Still  deeper  stands  the  central  plateau, 
the  universal  unconscious  common  to  all  hum¬ 
anity,  upon  which  rests  the  whole  mental  life  of 
mankind.” 
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In  parallel  with  our  remarks  on  C.  S.  Lewis  and 
mind  as  distinct  from  matter  we  can  add  to  this 
simile  by  suggesting  that  our  physical  bodies  and 
environment  could  be  likened  to  the  plant  ecology 
of  the  mountains  and  plateau.  Jung  himself  might 
have  had  some  similar  thoughts  for  he  wrote  “The 
psyche  deserves  to  be  taken  as  a  phenomenon  in 
its  own  right;  there  are  no  grounds  at  all  for 
regarding  it  as  a  mere  epiphenomenon,  dependent 
though  it  may  be  on  the  functioning  of  the  brain. 
One  would  be  as  little  justified  in  regarding  life  as 
an  epiphenomenon  of  the  chemistry  of  carbon 
compounds  .  .  .  We  may  establish  with  reason¬ 
able  certainty  that  an  individual  consciousness  as 
it  relates  to  ourselves  has  come  to  an  end  (in 
death).  But  whether  this  means  that  the  continuity 
of  the  psychic  process  is  also  interrupted  remains 
doubtful,  since  the  psyche’s  attachment  to  the 
brain  can  be  affirmed  with  far  less  certitude  to-day 
than  it  could  fifty  years  ago.”  It  can  be  seen  that 
Jung  does  not  mean  to  imply  any  biological  depen¬ 
dency  of  Mind. 

How  well  these  pictures  fit  into  the  “shift  of 
public  mood  from  deism  to  Pantheism”<24).  But 
they  are  far  from  conclusive.  There  is  still  room 
for  orthodox  (and  unorthodox)  religious  beliefs. 
In  fact,  criticisms  of  Jung’s  philosophy  include 
that  the  Jungian  school  of  psychiatry  is  mystical, 
contradictory,  obscure,  and  so  all-embracing  as 
to  be  in  effect  meaningless.  In  its  defence  it  can 
be  argued  that  with  so  vast  and  cosmic  a  psych¬ 
ology  this  is  only  to  be  expected.  Moreover,  the 
study  of  Jungian  analytical  psychology  is  one  that, 
if  approached  with  application  and  critical  intent, 
is  extremely  rewarding  and  remarkably  stimu¬ 
lating. 

We  have  now  used  the  adjective  cosmic  to  apply 
to  Gestalt  psychology  and  to  the  Jungian  school 
of  psychiatry,  and  we  have  fleetingly  introduced 
Religion.  What  better  way  to  conclude  this  section 
of  the  paper  than  by  quoting  Albert  Einstein  (who 
held  Pantheistic  views)  on  Cosmic  Religion  ? 

“I  maintain  that  cosmic  religiousness  is  the 
strongest  and  most  noble  driving  force  of  scientific 
research.  Only  the  man  who  can  conceive  the 
gigantic  effort  and  above  all  the  elevation,  with¬ 
out  which  original  scientific  thought  cannot  sue- 
ceed,  can  measure  the  strength  of  the  feeling  from 
which  alone  such  work  can  grow.  What  a  deep 
belief  in  the  intelligence  of  Creation  and  what 
longing  for  understanding,  even  if  only  of  a 
meagre  reflection  in  the  revealed  intelligence  of 
this  world,  must  have  flourished  in  Kepler  and 
Newton,  enabling  them  as  lonely  men  to  unravel 
over  years  of  work  the  mechanism  of  celestial 


mechanics  .  .  .  Only  the  man  who  devotes  his 
life  to  such  goals  has  a  living  conception  of  what 
inspired  these  men,  and  gave  them  strength  to 
remain  steadfast  in  their  aims  in  spite  of  countless 
failures.  It  is  cosmic  religiousness  that  bestows 
such  strength.  A  contemporary  has  said,  not  un- 
rightly,  that  the  serious  research  scholar  in  our 
generally  materialistic  age  is  the  only  deeply 
religious  human  being.” 
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PART  VIII.  THE  CONSIDERATION  OF  MOTION  WITH  SIX  DEGREES  OF  FREEDOM. 
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Introduction 

The  simplified  equations  of  motion  were 
developed  in  Part  III  and  analyzed  in  Parts  IV  and 
V,  and  throughout  this  contribution  a  number  of 
comments  have  been  made  on  the  assumptions 
involved  and  the  validity  of  the  resulting  equa¬ 
tions.  The  principal  conclusion  is  that  the  assump¬ 
tions  made  in  the  derivation  of  the  simplified 
equations  are  least  unrealistic  in  application  to  the 
longitudinal  motion.  This  is  because  motions  in 
the  vertical  plane  cannot  greatly  exceed  the  realm 
of  small  disturbances  (without  some  discomfort), 
and  furthermore  uncalled  for  changes  in  speed  do 
not  make  a  nonsense  of  the  “  null-speed  ”  con¬ 
cept.  Whereas  in  the  horizontal  plane  of  motion 
neither  of  these  factors  can  be  used  to  justify  the 
assumptions.  It  is  also  difficult  to  justify  the 
validity  of  the  assumption  that  the  lateral  and 
longitudinal  modes  of  motion  are  independent, 
clearly  if  the  submarine  rolls  the  rudders  begin  to 
act  as  hydroplanes  and  vice  versa.  Furthermore 
there  is  the  bridge  fin,  a  prominent  asymmetrical 
feature  that  induces  rolling  and  other  cross- 
coupled  motion  effects. 


In  view  of  these  shortcomings  in  the  simplified 
equations  of  motion  it  is  apparent  that  some  effort 
should  be  made  to  relax  some  of  the  restrictions 
imposed  by  the  assumptions.  The  steps  taken  in 
this  direction  depend  upon  the  problem  under 
consideration,  clearly  from  what  has  been  said  the 
assumptions  are  not  unrealistic  when  applied  to 
purely  vertical  plane  manoeuvres,  unless  speed 
changes  are  to  be  considered  in  which  case  the 
axial  force  equation  will  be  required.  However, 
in  any  manoeuvre  involving  the  use  of  the  rudder 
equations  of  motion  with  six  degrees  of  freedom 
should  be  used,  and  where  possible  cross-coupled 
effects  included. 

The  discussion  that  follows  is  by  no  means 
exhaustive,  rather  a  collection  of  ideas  perhaps 
worthy  of  further  investigation.  Sufficient  should 
have  been  learnt  from  the  study  of  the  simplified 
equations  to  appreciate  that  any  method  must 
ultimately  depend  on  the  experimental  rather  than 
the  theoretical  determination  of  the  hydrodynamic 
forces.  This  factor  has  been  the  guiding  light  to 
the  methods  that  are  described  in  the  following 
pages. 
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Three-dimensional  Equations  of  Motion 

The  general  dynamical  equations  of  motion  for 
a  rigid  body  with  respect  to  moving  axis  were 
presented  in  Part  III.  Re-writing  these  equations 
assuming  the  products  of  inertia  to  be  zero: — 

m  (u  — rv+qw)— X 

m(v— pw+ru)=Y 

m  ( w  —  qu  +  pv)  =  Z 

Ixp-(Iy-Iz)qr=K 

Iyq— (Iz— Ix)rp=M 

Izr — (Ix — Iy)pq = N 

The  angles  of  roll,  pitch  and  yaw  (<j>,  9 ,  $ 
respectively)  are  given  by  the  following  relations: — 

<£  =  p  +  q  sin  <f>  tan  6  +  r  cos  tan  9 
9  —  q  cos  (f)—r  sin 
^=q  sin  sec  0  +  r  cos  sec  0 
such  that  following  a  disturbance  at  time  t=o  the 
heading  at  time  t  is  given  by: — • 


...  (61) 


^  =  ^  dt 

J  o 

Similar  relations  apply  to  and  6 ,  but  their  initial 
values  </> o  and  0o  are  usually  zero. 

The  co-ordinates  of  the  centre  of  gravity  of  the 
submarine  at  time  t  are  given  by: — 


X  =  Xo  + 


f  £  u  cos  6  cos  $  + 
v  (sin  6  sin  </>  cos  ip  —  cos  9  sin  ^)  + 
w  (sin  6  cos  </>  cos  $  4-  sin  </>  sin  ^)J  dt 

y=y04-  |  u  cos  0  sin  tp  + 

v  (sin  9  sin  <£  sin  ^  4-  cos  cos  \p)  + 
w  (sin  9  cos  $  sin  \ft  —  sin  </>  cos  \p)  J  dt 

z=z0+  j  £  — u  sin  1 9  +  v  cos  9  sin  </> 

+  w  cos  9  cos  <£  Jdt 
where  x0,  y0,  z0  are  the  co-ordinates  at  t  =  o. 


(62) 


In  the  problems  where  there  is  some  require¬ 
ment  to  consider  motions  not  adequately  repre¬ 
sented  by  the  simplified  equations,  attempts  are 
made  to  formulate  equations  (60)  with  suitable 
right-hand  sides.  The  equations  can  then  be  solved 
and  equations  (61)  and  (62)  used  to  determine  the 
displacements  of  the  submarine  from  its  initial 


position.  The  difficulty,  of  course,  still  lies  in  the 
formulation  of  the  right-hand  sides  of  equations 
(60). 

It  is  once  more  assumed  that  the  hydrodynamic 
forces  and  moments  depend  on  the  instantaneous 
values  of  the  components  of  velocity  and  accelera¬ 
tion.  This  implies  that  it  has  still  not  been  found 
possible  to  consider  the  past  history  of  the  motion. 
It  is  still  assumed  that  experimental  values  deter¬ 
mined  for  steady  state  conditions  can  be  applied 
in  the  consideration  of  transient  motion  (the  so- 
called  quasi-static  concept),  although  the  assump¬ 
tion  of  small  disturbances  is  relaxed  and  terms 
higher  than  first  order  taken  into  account.  In  order 
to  treat  the  large  number  of  hydrodynamic  vari¬ 
ables  in  a  systematic  way,  the  hydrodynamic 
reactions  are  initially  expressed  by  Taylor  series 
expansions.  However,  on  critical  examination  of 
this  large  number  of  terms  many  can  be  neglected 
because  it  is  felt  that  they  are  of  small  importance, 
and  many  more  cannot  be  considered  because 
there  are  no  reliable  methods  for  obtaining  their 
values.  An  excellent  presentation  of  the  equations 
of  motion,  and  a  review  of  the  state  of  the  art  with 
respect  to  the  hydrodynamic  variables  has  been 
given  by  A.  Strumpf(21). 

The  approach  adopted  in  the  formulation  of  Y, 
Z,  K,  M,  N  will  be  found  to  be  little  more  than 
an  extension  of  the  simplified  approach  already 
described.  The  formulation  of  X  has  not  been 
previously  considered,  and  this  will  be  described 
in  a  little  more  detail. 

The  Axial  Force  Equation 

The  adoption  of  the  “  null-speed  ”  concept  pre¬ 
cluded  any  further  consideration  of  the  axial  force 
equation  in  the  simplified  approach.  It  will  be 
remembered  that  this  concept  implied  that  any 
change  in  forward  speed  was  instantaneously  com¬ 
pensated  by  immediate  changes  in  drag  and  thrust. 
In  fact,  in  purely  straight  line  motion  the  forward 
speed  component  is  more  correctly  determined 
by  the  equation: 

mu=Fp— Rt  .  .  .  (63) 

where  Fp  is  the  propulsive  force,  Rt  is  the  total 
resistance  of  the  vessel,  and  the  effect  of  forward 
speed  changes  on  both  of  these  terms  should  be 
taken  into  account. 

For  present  purposes,  only  ahead  motion  is 
being  considered;  it  is  assumed  that  the  Reynolds 
number  effect  is  negligible,  and  that  for  deep  sub¬ 
mergence  the  Froude  number  is  not  relevant.  Fur¬ 
thermore  it  is  often  assumed  that  the  resistance  is 
proportional  to  the  square  of  the  forward  velocity 
component,  and  in  the  notation  commonly  used 
in  these  studies  Rt  is  written  as 
-}PL2X'^u2. 


The  “derivative”  X'uu  is  a  non-dimensionalized 
coefficient  of  resistance  which  can  be  obtained  by 
experiment  in  a  towing  tank. 

It  is  also  worth  noting  that  the  effective  horse¬ 
power  is  the  power  required  to  overcome  the  total 
resistance,  and  thus: 

E.H.P.=uRt 

550 


therefore  X' 


—  (E.H.P.).550 
’  ipL’u* 

In  the  representation  of  the  propulsive  force  a 
further  assumption  often  made  is  that  the  axial 
force  delivered  by  the  propeller  is  independent  of 
the  flow  normal  to  the  axis.  Furthermore  from  a 
consideration  of  steady  state  data  the  following 
relation  is  often  applicable: 

Fp=ai  KQ+a2  ...  (64) 

J2 


where  KQ  is  the  torque  coefficient,  J  is  the 
advance  coefficient,  a!  and  a2  are  constants. 

In  fact,  the  propeller  torque  Q  =  pn2D5Kq  and 

the  advance  coefficient  J  =  — where  n  is  the  pro- 

nD 

peller  frequency  and  D  the  propeller  diameter. 

Thus  substituting  in  equation  (64)  and  re¬ 
arranging: — 

17  _  _SQ_  .  2 

Fp  dj  2D3  +a=  .  2  u 

=a3Q+a4u2  .  .  .  (65) 

where  a3  and  a4  are  constants  for  a  particular 
submarine. 

The  propeller  torque,  Q,  will  depend  upon  the 
driving  mechanism  which  in  a  submarine  may  be 
steam  turbine  or  possibly  electric  motor.  It  is  not 
intended  to  give  any  detail  in  this  respect,  but  as 
an  example  a  typical  relation  applicable  to  a 
steam  turbine  would  be: — 

Q=MS  (a5  +  aen) 

Where  Ms  is  the  turbine  steam  consumption, 
and  a5,  a6  are  constants  for  a  particular  set  of 
machinery. 

Equation  (63)  could  thus  be  re-written: — 

m  u  =  ipL2X'u  u  u2 + a  3Q + a  4  u2 

+±PVX'-Uu  .  .  .  (66) 

where  it  will  be  noted  a  term  incorporating  the 
derivative  X'o  has  been  included.  This  derivative 
with  respect  to  an  acceleration  is  of  a  type  already 
discussed.  It  represents  the  added  mass  in  the 
longitudinal  direction.  Values  obtained  from 
classical  theories  can  be  used,  but  for  a  slender 
body  of  revolution  X^'  is  negligible.  Equation  (66) 
determines  the  forward  speed  component  for 
changing  engine  conditions,  and  can  be  solved  pro¬ 
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vided  Q  is  defined,  and  a3,  a*  are  obtained  from 
propeller  characteristics. 

There  are  no  terms  in  equation  (66)  which 
represent  forces  that  may  produce  a  speed  change 
other  than  those  representing  changing  engine  con¬ 
ditions,  because  the  equation  was  derived  for 
straight  line  motion.  In  the  consideration  of  the 
submarine  with  six  degrees  of  freedom,  one  of  the 
most  important  factors  affecting  the  speed  of  the 
vessel  is  the  increased  resistance  of  the  hull 
incident  to  the  direction  of  motion.  The  submarine 

w 

could  be  at  some  angle  of  incidence  (tan*1^-^)  in 


the  vertical  plane,  or  an  angle  of  sideslip 
v 

(tan  1  -jj-  )  in  the  horizontal  plane.  The  increased 


resistance  due  to  sideslip  is  the  more  important, 
and  as  it  arises  as  a  result  of  a  trans¬ 
verse  component  of  velocity,  and  is  of  the 
same  sign  irrespective  of  the  sign  of  the  velocity 
component,  it  is  incorporated  in  the  axial  force 
equation  in  the  form  -JpL2X\vv2.  Experimental 
values  for  X'vv  could  be  determined  by  measuring 
the  resistance  on  a  model  being  towed  at  an  angle 
of  sideslip. 

Similarly,  added  resistance  is  obtained  by 
deflection  of  the  control  surfaces,  rudder  or  hydro¬ 
plane,  and  these  coefficients  could  also  be  found 
experimentally. 

Incorporating  all  of  these  terms  in  the  axial 
force  equation: — 


m(u  —  rv + qw)  =  ipL3X'^  u 

"b  ^pL2X'u  nu2 + a  3Q + a  A  u2 4- ^pL2X/ v  v 
+ipL2u2X'  8r£r  Sr2  +  ipL2u2X'  S2 

.  .  .  (67) 


Extension  of  the  Simplified  Lateral  and 

Longitudinal  Equations  without  Crotss-coupling 

The  particular  requirement  is  to  improve  the 
validity  of  the  lateral  mode  equations  of  motion, 
and  the  remarks  in  this  section  apply  mainly  to 
the  side  force  (Y)  and  yawing  moment  (N)  equa¬ 
tions.  However,  it  is  obvious  that  if  necessary  an 
exactly  similar  approach  could  be  adopted  in  the 
case  of  the  normal  force  (Z)  and  pitching  moment 
(M)  equations. 

The  derivatives  with  respect  to  angles  of  inci¬ 
dence  are  obtained  experimentally  by  towing  a 
model  at  a  number  of  angles,  and  plotting  the 
forces  and  moments  against  the  angle  of  incidence, 
or  sideslip.  In  the  simplified  approach,  which  was 
concerned  with  small  disturbances,  only  the  linear 
part  of  the  graph  was  considered,  and  the  deriva¬ 
tive  value  obtained  from  the  slope  of  this  portion 
of  the  curve.  If  the  angles  of  incidence  are 
increased  to  higher  values  the  hydrodynamic 
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forces  do  not  increase  linearly  above  a  certain 
value.  A  familiar  result  is  that  obtained  with  an 
aerofoil,  the  lift  initially  increases  linearly  with 
incidence,  but  eventually  the  slope  begins  tc 
decrease  until  the  ultimate  “  stall  ”  when  there  is 
a  sudden  decrease  in  lift  (see  Fig.  12).  The  first 
attempts  at  extending  the  linearized  approach 
took  into  account  the  non-linearity  of  the  inci¬ 
dence  derivatives  by  including  a  further  term  in 
the  equations  of  motion.  For  example  the  side 
force  with  respect  to  transverse  velocity  (effec¬ 
tively  sideslip  angle)  instead  of  being  represented 
simply  by  Yvv  was  represented  by  Yvv+Yvjv|V|v|. 
Similar  terms  were  incorporated  to  cater  for  the 
non-linearity  in  the  measured  values  of  Zw,  Mw, 
Nv  and  Kv.  This  approach  is,  in  fact,  still  used, 
particularly  in  the  vertical  plane  (viz.  Zw|w,  and 
MWjW|)  where  any  further  extension  is  not  gener¬ 
ally  felt  necessary. 

A  more  realistic  approach  is  possible,  at  least 
in  theory,  if  use  is  made  of  the  rotating  arm  experi¬ 
mental  facility.  Practical  applications  of  this 
method  are  still  being  investigated.  Hitherto,  it 
has  been  assumed  that  not  only  do  the  hydro- 
dynamic  forces  depend  upon  the  instantaneous 
values  of  the  velocities  and  accelerations,  but  also 
that  each  of  these  dependencies  can  be  considered 
in  isolation.  Using  a  rotating  arm  it  is  possible  to 
measure  the  forces  and  moments  produced  by 
simultaneous  non-zero  values  of  v,  r,  Sr  in  the 
lateral  mode,  or  w,  q,  5  in  the  longitudinal  mode. 
Recent  extensions  to  the  linearized  approach  have 
attempted  to  use  measurements  made  in  this  way. 

Consider  first  the  case  with  the  rudder  fixed  in 
a  neutral  position.  The  side  force  in  the  simplified 
equations  of  motion  is  given  by  the  two  terms 
Y,v  +  Yrr.  Using  the  rotating  arm  simultaneous 
values  of  v  and  r  can  be  applied  to  a  model  and 
the  side  force  measured.  The  results  can  be  plotted 
Y  against  v  for  different  values  of  r,  and  by  curve* 
fitting  techniques  some  function  Y(v,  r)  deter¬ 
mined.  This  function  may  take  the  form: — 

Y = Yv  v + Y  r  r + Yv  v  r  v2r + Y  v  r  r  vr2 + Yv  3  va + Y  r3r^ 

It  will  probably  be  found  that  this  function  can  be 
non-dimensionalized  with  respect  to  u,  and  using 
non-dimensional  derivative  notation: — 

Y  =  ±pL*  Y\ vu  +  iPL3  Y%ru  + 
[iPLaY'vvrv2r+ipL^Y'rrvvr2+ipL5Y'r3r3 
+iPL2Y'v3v3] 

It  is  perhaps  incorrect  to  use  derivative  notation 
in  this  case  where  curve-fitting  techniques  are 
applied,  but  it  is  a  convenient  notation.  A  similar 
function  could  be  obtained  for  the  yawing  moment 


N.  At  present  functions  of  this  form  are  more  com¬ 
monly  used  in  equations  of  motion  for  unstable 
surface  ships,  and  it  is  possible  to  reproduce  the 
type  of  instability  that  exhibits  a  Dieudonne  spiral, 
for  further  details  see  References  (22)  and  (23>. 

A  further  extension  is  the  simultaneous  variation 
of  the  rudder  angle,  and  the  calculation  of  a  func¬ 
tion  of  three  variables.  Alternatively  a  different 
computing  approach  could  be  adopted.  In  the  past 
it  has  been  almost  universal  practice  to  solve  equa¬ 
tions  of  motion  of  vehicles  of  all  types  using  an 
analogue  computer.  However,  derivative  values 
have  been  found  to  depend  on  an  increasing  num¬ 
ber  of  factors,  particularly  those  applicable  to 
space  probes.  Curve-fitting  techniques  have  been 
found  increasingly  inadequate,  and  a  recent 
development  is  the  use  of  hybrid  computing  tech¬ 
niques.  The  equations  of  motion  are  still  solved 
on  the  analogue  machine,  but  the  information  for 
the  calculation  of  the  derivatives  is  stored  in  a  high 
speed  digital  computer.  The  derivatives  are  then 
calculated  as  a  sub-routine  during  the  progress  of 
a  computed  manoeuvre. 

Cross-Coupling  between  the  Lateral  and 

Longitudinal  Modes 

The  longitudinal  motion  of  the  submarine  will 
not  induce  motion  in  the  lateral  direction  because 
the  vessel  is  symmetrical  about  a  vertical  plane 
(the  x— z  plane).  Submarines  are  not,  however, 
symmetrical  with  respect  to  the  x—y  plane,  the 
principal  asymmetry  being  the  bridge  fin,  and  this 
appendage  induces  cross-coupled  motion  between 
the  planes.  Theoretical  approaches  have  considered 
the  bridge  fin  as  an  aerofoil  of  small  aspect  ratio 
subject  to  a  velocity  normal  to  its  span,  v,  and  an 
angular  velocity  r.  An  aerofoil  in  this  condition 
will  have  a  4  lift  ’  force  acting  upon  it,  and  there 
will  be  a  circulation  about  it  which  can  be  calcu¬ 
lated  by  classical  aerodynamic  theories.  The  4  lift  ’ 
force  is  part  of  the  derivatives  Yv,  Yr,  Nv,  Nr 
already  measured,  but  the  circulation  about  the 
bridge  fin  induces  a  circulation  about  the  hull  of 
the  submarine  (about  the  x-axis),  and  this  circula¬ 
tion  produces  a  reaction  in  the  direction  of  the 
normal  force  and  pitching  moment  equation  of 
the  submarines.  Obviously  the  reaction  in  the  longi¬ 
tudinal  mode  is  in  the  same  direction  irrespective 
of  the  sign  of  the  velocities  v  and  r,  and  the  calcu¬ 
lations  have  produced  effective  derivatives  denoted 
by  Zvv,  Zvr,  Zrr  and  similarly  for  the  pitching  deriv¬ 
atives.  In  non-dimensional  notation: — 

Z(r,  v)=|PL2Z'vvv2+ipL3Z'  rvrv+-Jf>L‘1Z/ri.r2 

This  method  would  appear  to  be  largely  theor¬ 
etical  despite  it  being  said  in  the  introduction  to 
this  chapter  that  the  experimental  approach  would 
be  the  guiding  light.  Fortunately  if  a  rotating  arm 
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is  used  the  measurement  of  the  reaction  in  the  Z 
and  M  directions  when  a  model  is  subject  to 
velocities  v  and  r  is  quite  a  practicable  proposition. 

Roll-Dependent  Motion 

The  rolling  moment  equation  was  discussed  in 
Part  V,  and  in  the  derivation  of  the  simplified 
lateral  equations  of  motion  in  Part  III  it  was 
assumed  that  the  motion  was  roll-independent.  It 
is  now  proposed  to  re-consider  the  rolling  moment 
equation,  and  to  relax  the  assumption  of  roll- 
independence  by  considering  how  rolling  might 
affect  motion  in  the  lateral  and  longitudinal  modes. 

The  rolling  moment  equation  in  simplified  form 
is  (equation  29): — 

( Ix — K  p)p  —  vKv  —  pK  p  —  rK  r  +  mgBG<£ = K(t) 

and  in  early  studies  it  was  often  considered  satis¬ 
factory  to  use  in  this  equation  values  of  the  deriva¬ 
tives  obtained  by  theoretical  methods.  It  was 
assumed  that  the  bridge  fin  was  the  major  con¬ 
tributor  to  the  various  derivatives,  and  its  effect 
was  calculated  by  considering  it  as  an  aerofoil  of 
small  aspect  ratio.  In  addition  an  estimate  of  the 
effect  of  hull  friction  on  the  damping  in  roll,  Kp, 
was  also  taken  into  account.  However,  as  has  been 
noted  in  Reference  u)  actual  roll  angles  of  sub¬ 
marines  are  sometimes  large  enough  to  create  some 
apprehension  on  the  part  of  the  operators,  particu¬ 
larly  during  the  transient  phase  of  the  motion.  Con¬ 
sequently  some  effort  has  been  expended  on  deter¬ 
mining  the  derivative  values  by  experiment,  and 
additional  terms  have  been  included  in  the  equa¬ 
tions  of  motion. 

The  rolling  moment  due  to  sideslip,  Kv,  can  be 
obtained  from  measurements  made  on  a  model 
tdwed  along  a  straight  path  at  various  sideslip 
angles,  and  furthermore  some  estimate  of  the  non¬ 
linearity  involved  in  considering  larger  displace¬ 
ments  can  be  incorporated  by  use  of  the  second 
order  derivative  KV|V|.  Similarly  it  must  be  obvious 
from  previous  discussions  that  Kr  can  be  obtained 
from  a  rotating  arm  experiment.  Another  addi¬ 
tional  derivative  that  could  be  measured  in  a  towing 
tank  is  the  rolling  moment  due  to  rudder  angle. 
This  is  often  very  small,  or  negligible,  but  it  is  pos¬ 
sible  that  a  vessel  may  have  an  unbalanced  cruci¬ 
form  control  surface  configuration,  with  perhaps 
greater  rudder  area  above  the  hull  than  below.  In 
such  a  case  K  gr  may  be  of  significance. 

The  damping  in  roll,  Kp,  could  be  obtained  by 
the  analysis  of  free  or  forced  oscillations  on  a 
model,  but  the  motion  is  usually  so  dead-beat  as 
to  make  measurement  of  free  oscillations  extremely 
difficult.  The  type  of  experiment  that  could  be 
undertaken  is  illustrated  in  Fig.  13. 

The  neutrally  buoyant  model  could  be  sup¬ 
ported  fore  and  aft  in  relatively  frictionless  bear- 


FIG.  13.  Diagrammatic  representation  of  model 
set-up  for  measurement  of  roll  damping. 


ings,  and  the  point  Pl  made  to  perform  simple 
harmonic  oscillations  while  being  towed  along  a 
ship  tank.  Suppose  the  point  Pi  is  displaced  to  the 
right  by  an  amount  y~  d  sin  to  t  and  the  simul¬ 
taneous  displacement  of  P2  is  <£h  where  <f>  is  the 
angle  of  roll.  Then  the  increase  in  spring  tension 
is  a(y— <f>h)  where  <j  is  the  spring  coefficient. 

The  applied  moment  is  thus:  — 

K(t)  =  <rh  (d  sin  wt  —  <£h) 

Now  the  pure  rolling  moment  equation  can  be 
written: — 

(Ix  —  Kp)</>  <jf>Kp  +  mg  BG  </>  —  K(t) 
or  making  the  substitution: — 

a<£  +  b<£  +  c<£=K  sin  co  t 
where  a=Ix  —  K;>,  b=  —  Kp,  c=mg  BG  -f  o-h2, 

k  =  crdh 

In  the  steady  state  motion  which  is  eventually 
achieved  the  model  will  oscillate  such  that: — 

<f>  —  <j>0 sin  (ot  +  c) 

where  <f>0  is  the  amplitude,  and  e  the  phase  lag. 

From  the  above  equations  the  following  rela¬ 
tions  can  be  determined: — 

*  ,=  _  K2__ 

*°  (c-a»!)HbV 

bo> 

tan  e  = - — 

c  —  ao2 

In  a  particular  experiment  values  of  k  and  a> 
are  known,  and  values  of  </>0  and  e  can  be  measured. 

Thus  if  m,  BG  and  u  are  known  it  is  possible  to 
determine  Kp  and  (Ix— Kj). 

The  rotation  of  the  propeller  will  also  have  some 
influence  on  the  rolling  of  the  vessel;  this  effect  is 
usually  compensated  for  by  an  off-set  in  the  con¬ 
trol  surfaces  at  the  stern  thus  providing  an  equal 
and  opposite  rolling  moment.  Occasionally  an 
attempt  is  made  to  include  these  terms  in  the  equa¬ 
tions  of  motion,  the  torque  produced  by  rotation 
of  the  propeller  being  determined  from  propeller 
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characteristics  which  may  have  been  obtained  in 
a  cavitation  tunnel. 

Apart  from  knowledge  of  the  mass  and  inertia 
of  the  submarine,  present  day  requirements  thus 
demand  some  details  of  the  following  deriva¬ 
tives: — Kp,  Kp,  Kv,  Kv|v|.  Kr,  K§r<  and  possibly 
the  rolling  movement  produced  by  the  propeller. 

The  derivatives  most  commonly  used  to  repre¬ 
sent  the  effect  of  rolling  on  motions  in  other  direc¬ 
tions  are  Yp  and  Np,  and  even  though  it  is  thought 
that  there  are  only  two  significant  derivatives,  there 
is  a  very  limited  amount  of  information  available 
with  respect  to  their  values.  Yp  can  be  calculated, 
if  it  is  assumed  to  arise  entirely  from  the  presence 
of  the  bridge  fin.  Thus  if  a  fin  area  A  is  assumed 
to  have  a  centre  of  pressure  height  zf  above  the 
centre  of  gravity  of  the  submarine,  then  the  effec¬ 
tive  angle  of  incidence  of  the  fin  at  the  centre  of 

pressure  during  a  roll  is  given  by  .  The  lift  (or 

in  this  case  side  force)  on  the  bridge  fin  is  given 
by:— 

Y=— ipAu2  CL  .  .  .  (68) 

where  Cl  is  the  lift  coefficient  for  the  fin,  and  this 
can  be  calculated  using  aerofoil  theory.  Weinig’s 
method  for  wings  of  small  aspect  ratio  was  intro¬ 
duced  in  Part  VI,  and  using  his  method  based  on 
the  lifting  line  theory: — 


Cl  = 


1  + 


aQ 

7rARe 


h  . 


pzf 

u 


.  (69) 


where  aG  is  the  lift  slope  of  the  bridge  fin  section, 
ARe  is  the  effective  aspect  ratio  including  a  hull 
image  (due  to  the  proximity  of  the  hull)  and  is 
the  Weinig  correction  (which  is  the  ratio  of  his 


result  (equation  (52))  to  the  simple  lifting  line 
result  (equation  (50) ). 

Thus  non-dimensionalizing: — 

_ a« _ \  £l 

1  +  do 

T  TrARe  / 


The  value  of  the  yawing  moment  with  respect 
to  roll  velocity,  Np,  is  usually  assumed  equal  to  the 
rolling  moment  with  respect  to  yaw  rate,  Kr,  which 
was  measured  by  experiment.  The  validity  of  this 
assumption  in  a  simple  case  considering  only  the 
bridge  fin  can  be  shown  quite  easily.  From  equa¬ 
tions  (68)  and  (69)  the  side  force  on  the  bridge  fin 
due  to  roll  is  given  by: — 

Y=— ipAuaiZfp 
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and  thus  if  the  centre  of  pressure  of  the  bridge 
fin  is  distant  xf  from  the  centre  of  gravity  the 
yawing  moment  is  given  by: — 

N=— ^pAuaiXfZf.p 

Considering  yawing  motion  instead  of  rolling, 
the  effective  incidence  of  the  centre  of  pressure  of 

the  fin  is  now  given  by  ^  ,  and  the  side  force 

on  the  fin  is  given  by: — 

Y=—  ^pAua^r 

The  rolling  moment  is  thus: — 

K=  — ^pAua^fZfr 
and  it  is  seen  that  Kr=Np 


PART  IX.  EMERGENCY  MANOEUVRES,  AUTOPILOTS,  AND  DISPLAY  SYSTEMS. 


Introduction 

The  simplified  equations  of  motion  were 
analyzed  in  Parts  IV  and  V  and  the  application  of 
the  results  of  the  analysis  to  the  design  of  suitably 
stable  and  controllable  submarines  was  indicated. 
Stability  in  the  vertical  plane  was  discussed  in 
Part  IV,  and  criteria  given  which  had  to  be  satis¬ 
fied  for  metacentric  and  straight  line  stability  (and 
hence  directional  stability).  In  the  design  process 
adjustments  to  the  size  of  the  fixed  stabilizer  fins 
can  be  made  to  give  more  or  less  stability.  It  was 
also  shown  that  the  damping  coefficient  can  be 
calculated  for  the  operational  speed  range  of  the 
submarine,  and  servo-mechanism  theory  indicated 


suitable  values  of  about  0*7.  Controllability  was 
assessed  from  the  predicted  performance  in  a 
number  of  specific  manoeuvres,  such  as  the  over¬ 
shoot  manoeuvre.  Motion  in  the  horizontal  plane 
was  discussed  in  a  similar  manner  in  Part  V,  once 
again  criteria  for  straight-line  stability  were  given, 
and  specific  manoeuvres  described. 

On  the  basis  of  predictions  of  this  nature  it 
should  thus  be  possible  to  design  a  submarine 
that  has  adequate  stability  and  manoeuvrability, 
provided,  of  course,  that  the  basic  hydrodynamic 
data  are  reliable.  However,  the  shortcomings  of 
the  simplified  equations  of  motion  have  already 
been  indicated,  and  there  are  other  aspects  of  sub- 


marine  performance  where  prediction  is  of  value 
and  which  require  the  use  of  the  more  complicated 
three-dimensional  equations.  Examples  of  this 
type  of  problem  are  given  in  the  following  para¬ 
graphs. 

Emergency  Manoeuvres 

The  failures  most  likely  to  lead  to  catastrophe 
are  those  involving  loss  or  jamming  of  the  control 
surfaces,  and  fractures  resulting  in  flooding  of 
some  sections  of  the  submarine.  There  are  a  num¬ 
ber  of  procedures  that  can  be  taken  in  the  event 
of  such  an  emergency,  and  the  submariner  is 
obviously  anxious  to  know  which  are  the  most 
effective.  Predictions  of  the  effect  of  the  failure, 
and  the  recovery  procedures  are  calculated  with 
a  view  to  giving  guidance  on  the  procedure  to  be 
adopted.  Such  calculations  involve  the  representa¬ 
tion  of  the  submarine  with  six  degrees  of  freedom, 
and  in  such  extreme  manoeuvres  the  applicability 
of  the  equations  of  motion  is  probably  stretched 
up  to  and  perhaps  beyond  reasonable  limits.  Of 
course,  it  is  not  really  possible  ever  to  check  the 
complete  validity  of  the  predictions. 

The  particular  failure  it  is  required  to  study  is 
simulated  by  its  representation  as  forces  and 
moments  for  inclusion  in  the  equations  of  motion. 
The  terms  representing  the  effect  of  control  sur¬ 
face  deflections  have  already  been  considered,  and 
it  is  clearly  quite  a  simple  matter  to  represent  a 
surface  jammed  in  any  position.  Solution  of  the 
equations  of  motion  thus  provides  the  result  of 
any  such  failure  if  no  corrective  action  is  taken. 
Loss  of  a  control  surface  is  a  similar  problem,  if 
the  driving  mechanism  breaks,  the  surface  will 
trail  at  some  angle  dependent  upon  the  ‘balanc¬ 
ing  ’  of  the  surface.  This  angle  is  usually  known, 
it  is  not  always  a  neutral  angle,  and  can  be  simu¬ 
lated. 

Flooding  is  less  amenable  to  representation  in 
simple  mathematical  terms.  The  location  in  the 
vessel,  and  the  size  of  the  fracture  can  be  varied, 
but  assumptions  must  be  made  about  the  type  of 
flow  through  the  orifice.  The  rate  of  influx  of  sea 
water  depends  upon  the  depth  of  the  submarine 
which  is  determined  by  the  equations  of  motion, 
but  it  also  depends  upon  conditions  inside  the 
submarine.  The  flow  of  water  into  a  specific  com¬ 
partment  will  depend  upon  the  pressure  build-up 
inside  that  compartment,  and  this  again  depends 
upon  action  by  the  crew.  The  effect  of  flooding 
can  obviously  be  reduced  by  restricting  the  flooded 
volume  to  as  small  a  compartment  as  possible,  and 
if  the  compartment  is  quite  small,  some  benefit  can 
be  obtained  by  pressurizing  with  air.  It  is  usual  in 
these  studies  to  neglect  the  effect  of  back-pressure, 
although  it  is  assumed  that  flooding  is  restricted 
to  specific  compartments.  Even  considering  a 
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single  compartment,  flooding  is  not  easy  to  simu¬ 
late,  since  the  motion  of  the  submarine  will  cause 
the  water  to  move  about  and  so  vary  the  direction 
of  the  force  it  exerts.  The  extent  to  which  all  these 
factors  can  be  taken  into  consideration  depends 
upon  the  computing  facilities  available,  but  very 
often  a  number  of  assumptions  are  made,  and  the 
representation  is  such  that  water  is  assumed  to 
flow  into  the  hull  at  a  rate  given  by  the  formula  for 
a  free  orifice  (i.e.  not  drowned): — 

Op — ACd  \/  2gh 

where  QP  is  the  flow  rate  (cu  ft/ sec) 

A  is  the  area  of  the  hole  (sq  ft) 
h  is  the  depth  of  the  submarine  (ft) 

CD  is  the  coefficient  of  discharge  through 
the  hole  (typically  06) 

The  force  exerted  by  the  water  is  obtained  by 
integration  with  respect  to  time,  and  resolution 
along  the  axes  used  for  the  equations  of  motion. 
The  moment  arm  about  the  centre  of  gravity  of 
the  flooding  compartment  is  assumed  to  be  an 
average  value  of  arms  calculated  for  different 
flooding  levels  at  different  attitudes. 

The  recovery  procedures  must  be  dealt  with  in 
a  similar  manner.  In  emergencies  there  are  a 
number  of  courses  of  action  that  can  be  taken; 
these  usually  involve  some  combination  of  the 
following: — 

(i)  using  astern  thrust  (i.e.  reversing  the  pro¬ 
peller)  to  bring  the  submarine  to  rest. 

(ii)  using  the  rudder  to  slow  down  the  ahead 
motion  of  the  submarine. 

(iii)  making  the  submarine  positively  buoyant 
by  blowing  some  of  the  ballast  water  out. 

In  the  event  of  jammed  hydroplanes  all  three  of 
the  above  procedures  will  probably  be  applied,  and 
in  calculations  assumptions  have  to  be  made  with 
respect  to  the  time  taken  by  the  crew  to  appreciate 
the  fault,  and  the  time  taken  by  them  in  initiating 
the  recovery  procedure. 

The  simulation  of  the  effect  of  astern  thrust  is 
the  most  difficult,  the  reversal  of  the  direction  of 
rotation  of  the  propeller  will  have  an  appreciable 
effect  on  the  flow  over  the  after  end  of  the  sub¬ 
marine.  The  derivative  values  will  undoubtedly 
change,  in  particular  those  referring  to  the  forces 
and  moments  on  the  control  surfaces  which  are 
just  forward  of  the  propeller.  Obviously  this  is 
not  a  problem  amenable  to  solution  by  any  of  the 
methods  so  far  described,  and  it  is  doubtful  if  a 
realistic  mathematical  representation  will  ever  be 
found.  A  simple  method  would  be  to  consider  that 
reversal  of  the  thrust  increased  submarine  resist¬ 
ance,  the  amount  of  increase  being  estimated  from 
the  results  of  experiments  and  full-scale  trials.  The 
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effect  of  the  reversal  on  the  derivatives  is  neg¬ 
lected;  in  the  case  of  the  control  surfaces  the  effect 
on  hydroplanes  jammed  in  a  bow  dive  attitude  is 
likely  to  be  beneficial,  in  that  a  breakdown  in 
flow  will  reduce  their  effectiveness.  On  the  other 
hand,  the  effectiveness  of  the  rudder  will  be  also 
reduced,  and  the  rudder  is  very  effective  in  reduc¬ 
ing  ship  speed  and  thus  assisting  recovery. 

The  rate  at  which  it  is  possible  to  expel  water 
from  the  ballast  tanks  is  dependent  on  a  number 
of  factors,  such  as  the  size  of  orifice,  the  depth 
below  the  surface,  and  the  pressure  of  air  available. 
There  are  also  a  number  of  relatively  unknown 
factors  such  as  the  rate  of  delivery  of  air  when  the 
pipes  are  subject  to  icing  due  to  the  sudden  expan¬ 
sion,  and  the  differential  pressure  that  it  is  pos¬ 
sible  for  the  emptying  ballast  tanks  to  sustain.  If 
it  is  assumed  that  there  is  no  restriction  on  the 
egress  of  water  then  a  typical  relation  for  the 
amount  of  water  blown  out  in  t  secs  is: — 


Where  qt  is  the  rate  of  flow  of  air  in  lbs/sec., 
h  is  the  depth  of  the  ballast  tank  at  time  t 

R  is  the  gas  constant 

and  T  is  the  absolute  temperature. 

Furthermore,  assuming  that  there  is  no  icing  or 
other  restrictions  on  the  flow  of  air,  the  rate  of 
flow  qt  is  given  by:— 


where  q0  is  the  initial  rate  of  blow  (Ibs/sec) 
at  t=o 

and  w  is  the  initial  weight  of  air  in  the  storage 
bottles. 

With  this  type  of  representation  of  the  emer¬ 
gency  and  the  recovery  procedures  it  is  possible 
to  calculate  the  results  of  innumerable  man¬ 
oeuvres,  and  estimate  which  procedure  is  most 
likely  to  succeed.  In  the  case  of  jammed  after 
hydroplanes  at  low  speeds  the  situation  is  not 
too  dangerous,  and  it  should  be  possible  to  get 
back  to  the  surface  by  reducing  speed,  using 
forward  hydroplanes,  and  perhaps  blowing  ballast, 
and  there  is  time  to  undertake  this  procedure  in 
a  controlled  manner.  At  high  speeds  if  the  after 
hydroplanes  jam  at  an  appreciable  angle  of  dive, 
only  immediate  action  can  prevent  the  situation 
becoming  catastrophic.  In  order  to  prevent  the 
submarine  exceeding  collapse  depth  speed  must 
be  reduced  as  quickly  as  possible.  Obviously 
reverse  thrust  must  be  applied  by  the  propeller, 
and  the  application  of  rudder  is  extremely  effec¬ 
tive.  Unfortunately  the  application  of  large  rudder 


angles  produces  large  snap  roll  angles  which  are, 
to  say  the  least,  disconcerting,  also  an  initial 
increase  in  dive  angle  may  be  produced.  In  order 
to  avoid  these  effects  it  has  been  suggested  that 
the  rudder  could  be  oscillated  from  side  to  side, 
but  this  method  is  not  so  effective  in  reducing 
speed.  If  speed  is  not  reduced  the  blowing  of 
ballast  water  is  quite  ineffective,  nevertheless  it  is 
worthwhile  beginning  the  operation  as  soon  as  the 
emergency  is  appreciated,  then  as  soon  as  the 
speed  is  reduced  there  will  be  a  certain  amount  of 
positive  buoyancy  already  available.  The  danger 
here  is  that  nearing  the  surface  the  amount  of 
positive  buoyancy  will  increase  rapidly  due  to 
expansion  of  the  air,  and  unless  some  care  is  taken 
the  vessel  may  break  surface  at  some  alarming  atti¬ 
tude.  The  forward  hydroplanes  are  not  particu¬ 
larly  effective  at  high  speeds,  although  naturally 
they  would  be  used  to  assist  recover v.  Converse! v 
jammed  forward  hydroplanes  could  be  easily 
overcome  by  use  of  the  after  hydroplanes. 

In  the  consideration  of  flooding  a  most  im¬ 
portant  factor  is  whether  the  flooding  is  in  such  a 
location  as  to  cause  loss  of  power.  If  the  flooding 
is  aft  it  is  the  more  likely  that  power  will  be  lost 
in  which  case  unless  the  rate  of  blowing  of  ballast 
can  exceed  the  rate  of  intake  of  water  there  is 
little  hope  of  recovery  from  an  initial  deep  situa¬ 
tion.  At  intermediate  depths  the  speed  of  the  sub¬ 
marine  at  the  instant  of  flooding  is  important, 
because  the  hydrodynamic  forces  on  the  hull  can 
carry  a  certain  amount  of  negative  buoyancy.  This 
indicates  that  when  operating  at  these  depths 
speeds  ought  to  be  kept  above  a  certain  minimum 
value,  but  this  would  make  recovery  from  a  pos¬ 
sible  jammed  hydroplane  less  likely.  If  flooding 
does  not  cause  loss  of  power,  in  all  cases  it  is 
found  advantageous  to  increase  to  full  power,  and 
attempt  to  rise  to  the  surface  at  a  pitch  angle  of 
about  30  -  40°.  There  are  a  few  cases  when  it  can 
be  shown  that  it  is  not  the  most  effective  pro¬ 
cedure  to  blow  all  ballast,  but  in  general  the 
blowing  of  all  ballast  should  usually  be  initiated, 
and  changes  made  in  the  procedure  if  it  is  found 
that  the  submarine  is  assuming  excessive  and 
uncontrollable  pitch  or  roll  angles.  Computer  cal¬ 
culations  considering  the  various  procedures  have 
been  analyzed,  and  curves  produced  showing  the 
maximum  rates  of  flooding  from  which  recovery 
could  be  achieved,  assuming  the  flooding  to  occur 
at  a  variety  of  initial  conditions  of  depth  and 
speed. 

The  calculated  responses  have  been  useful  in 
cases  such  as  this  in  indicating  the  most  effective 
procedure  to  adopt,  and  perhaps  also  could  be 
used  to  decide  upon  the  limits  of  safe  operation 
for  any  particular  class  of  submarine.  Computer 
simulations  are  also  of  considerable  value  in  the 


prediction  of  the  performance  of  other  proposed 
schemes  which  might  aid  recovery.  Making  use 
once  more  of  techniques  developed  for  aircraft, 
dive  brakes  and  even  parachutes  have  been  investi¬ 
gated,  but  the  most  apparently  successful  scheme 
so  far  considered  is  the  X-configuration  stem. 

The  typical  submarine  considered  throughout 
this  note  has  a  cruciform  arrangement  of  after 
hydroplanes  and  rudders  just  ahead  of  the  pro¬ 
peller.  The  X-configuration  has  the  location  of  its 
four  control  surfaces  rotated  through  45°,  as  the 
configuration  X  implies.  Diagonally  opposite  sur¬ 
faces  are  still  coupled  together  (as  for  the  cruci¬ 
form  arrangement),  and  thus  to  dive  without  turn¬ 
ing,  or  to  turn  without  diving,  it  is  necessary  to 
move  both  pairs  of  surfaces.  This  requirement 
increases  the  complexity  of  the  control  system,  but 
an  advantage  is  to  be  gained  if  it  should  happen 
that  one  pair  jams  in  a  dive  position,  the  other 
pair  are  available  to  supply  an  opposite  and  at 
least  equal  force  in  the  vertical  plane.  The  resultant 
deflection  is  equivalent  to  a  rudder  movement,  but 
it  is  far  better  to  complete  a  horizontal  circle  than 
attempt  a  vertical  loop.  A  further  advantage  of 
the  X-configuration  is  that,  if  necessary,  control 
surfaces  of  greater  span  than  those  of  the  cruci¬ 
form  arrangement  can  be  used  without  the  tips 
protruding  beyond  the  maximum  beam  and  depth 
of  the  submarine  hull.  The  disadvantage  is  un¬ 
doubtedly  that  this  configuration  increases  the 
complexity  of  control,  in  order  to  be  able  to 
execute  dives  without  an  element  of  turn,  the  four 
control  surfaces  must  be  set  with  great  accuracy. 

Auto-Pilot  Design 

Although  the  control  of  a  submarine  becomes 
increasingly  like  that  of  an  aircraft,  unlike  an  air¬ 
craft  the  actual  movement  of  the  controls  is  often 
entrusted  to  the  most  junior  members  of  the  crew, 
rather  than  the  most  senior.  Until  comparatively 
recently  this  practice  has  resulted  in  a  rather  un¬ 
necessary  waste  of  manpower,  there  being  one 
man  for  each  pair  of  hydroplanes,  another  for  the 
rudder,  and  a  supervizing  officer.  Furthermore  the 
operation  of  the  hydroplanes  was  such  that  the 
forward  planesman  controlled  depth,  and  the  after 
planesman  the  pitch  angle  of  the  submarine.  Thus 
unless  both  men  were  skilled  and  worked  as  a 
team,  any  and  every  vertical  plane  manoeuvre 
could  be  undertaken  with  the  maximum  amount  of 
inefficiency.  It  is  more  usual  to  find  one-man 
control  stations  in  the  modern  submarines,  and 
many  are  fitted  with  auto-pilots. 

One  man  control  stations  use  “  joystick  ”  con¬ 
trol  for  hydroplanes  and  rudders  as  in  aircraft. 
Because  there  are  two  sets  of  hydroplanes  adjust¬ 
ment  has  to  be  provided  so  that  the  stick  moves 
both  sets  in  any  chosen  (and  variable)  ratio.  For 
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instance,  at  higher  speeds  the  forward  hydroplanes 
are  relatively  ineffective,  and  after  hydroplanes 
only  are  required.  Auto-pilots  merely  replace  the 
man  and  move  the  control  surfaces  in  the  same 
way,  but  they  are  generally  more  efficient,  particu¬ 
larly  over  long  periods  of  time. 

An  auto-pilot  could  be  electrical,  hydraulic,  or 
even  pneumatic  provided  its  output  was  able  to 
initiate  movement  of  the  relevant  control  surface. 
The  operating  medium  is  immaterial  to  this  dis¬ 
cussion  which  is  concerned  with  the  principles.  In 
the  vertical  plane  the  auto-pilot  is  required  to  main¬ 
tain  depth,  and  it  is  obviously  also  desirable  that 
it  controls  pitch  angle.  A  simple  control  operating 
on  the  errors  in  each  of  these  variables  would 
move  the  hydroplanes  in  accordance  with  the 
following  equation: — 

8  =  a  £  (Zo  — z)-fb 0  J  ...  (70) 

where  8  is  the  hydroplane  angle, 
z0  is  the  ordered  depth, 
z  is  the  actual  depth, 

6  is  the  pitch  angle 

and  a,  b  are  constants  which  can  be  varied  with 
changing  operational  conditions.  It  is  assumed 
that  the  desired  pitch  angle  is  zero. 

It  is  obvious  from  equation  (70)  that  zero  hydro¬ 
plane  angle  would  be  obtained  with  zero  depth 
error  and  zero  pitch  angle,  and  this  is  only  a 
steady  state  situation  if  the  submarine  happens  to 
be  perfectly  balanced  under  these  conditions.  In 
fact  this  is  not  necessarily  the  case,  as  has  already 
been  indicated  it  may  be  necessary  to  set  a  non¬ 
zero  balance  angle  on  the  hydroplanes  in  order  to 
hold  a  level  course  at  level  trim.  The  auto  depth 
control  would  obviously  have  to  operate  with  the 
balance  angles  as  the  effective  zero  hydroplane 
angles,  and  have  a  means  provided  to  adjust  this 
off-set  zero  for  various  conditions.  However,  if 
an  equation  of  the  form  of  equation  (70)  were  used 
there  would  be  small  errors  due  to  changing  con¬ 
ditions,  and  hence  steady  state  errors  in  ordered 
depth,  and  pitch  angle,  TTiese  steady  state  errors 
would  only  assume  noticeable  proportions  if  there 
was  some  marked  change  in  the  hydrodynamic 
forces  on  the  submarine,  and  the  most  likely  cause 
of  such  a  change  is  when  the  submarine  makes 
a  turn.  Thus  a  steady  state  solution  (assuming  the 
turn  is  long  enough  to  reach  a  steady  state)  could 
be  such  that  there  would  be  a  depth  error  of  30  ft, 
a  pitch  angle  of  7°,  and  an  after  hydroplane  angle 
of  10°  (assuming  that  only  the  after  hydroplane 
were  being  used  to  control  depth).  The  errors 
would,  of  course,  reduce  to  zero  on  completion 
of  the  turn,  and  the  depth  error  could  be  reduced 
during  the  turn,  if  this  were  thought  necessary,  by 
adjustment  of  the  ordered  depth  control. 
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A  depth  control  of  this  form  would  in  fact 
operate  reasonably  satisfactorily.  This  is  un¬ 
doubtedly  due  to  the  “  look-ahead  ”  provided  by 
the  pitch  angle  component  of  equation  (70). 
(Zo— z)  is  the  depth  error  measured  at  a  particular 
instant  of  time,  but  the  term  b 9  is  in  effect  the 
additional  depth  error  due  to  pitch  angle  error, 
and  the  depth  given  by  (z0— z)+b 9  would  be  the 
point  reached  after  the  submarine  had  travelled 
distance  b  from  the  point  where  depth  z  was 
measured,  assuming  that  the  vessel  was  travelling 
with  zero  angle  of  incidence. 

A  more  sophisticated  form  of  control  equation 
would  include  terms  dependent  on  the  rates  of 
change  of  depth  and  pitch  angle,  and  furthermore 
the  equation  would  be  so  arranged  that  adjustable 
limits  could  be  applied  to  limit  pitch  angle  to  a 
desired  maximum.  It  would  also  be  a  compara¬ 
tively  simple  matter  to  limit  hydroplane  movement. 

Similarly  in  the  production  of  an  automatic 
heading  control  some  phase  advance  is  found 
advantageous,  and  control  basically  is  of  a  form 
such  that  the  desired  rudder  angle  is  given  by: — 


8  r= 


-K  (l+alP) 

(l+a2p)  (l+a3p) 


(^D— 


where  is  the  desired  heading  angle 
\j/  is  the  measured  heading  angle 

and  K,  a u  a2,  a3  are  constants,  variable  for  differ¬ 
ing  operational  conditions.  Here  again  it  is  a  com¬ 
paratively  simple  matter  to  limit  rudder  move¬ 
ment. 


Early  versions  of  the  automatic  pilots  were 
designed  using  analogue  computers  to  check  the 
performance  at  each  stage  of  development.  In  a 
calculation  of  this  type  the  solution  of  the  equa¬ 
tions  of  motion  of  the  submarine  provide  the 
depth,  pitch  angle,  and  heading  angle  at  any  instant 
of  time,  these  values  are  used  continuously  to 
calculate  the  desired  hydroplane  and  rudder 
angles,  which  are  then  fed  back  into  the  equations 
of  motion.  Obviously  if  a  control  loop  of  this 
nature  is  stable,  there  is  no  deviation  from  the 
steady  state  condition  unless  some  form  of  disturb¬ 
ance  is  deliberately  applied.  In  the  first  instance, 
disturbances  involving  the  selection  of  different 
ordered  depths  and  heading  angles  were  con¬ 
sidered,  and  the  submarine  response  calculated. 
It  is  generally  found  that  to  obtain  optimum 
response  throughout  the  speed  range,  some  adjust¬ 
ment  of  the  control  parameters  is  required.  Some 
sophisticated  control  systems  have  this  variation 
automatically  applied  (the  so-called  adaptive  con¬ 
trols),  but  in  many  cases  it  is  not  worth  the  extra 
complication,  and  adequate  performance  is 
achieved  by  use  of  average  values  of  the  para¬ 
meters. 


Because  of  the  difficulties  of  analyzing  the 
motion  of  a  vessel  on  or  near  the  surface  of  the 
sea,  this  introductory  note  has  been  concerned 
largely  with  the  deeply  submerged  submarine.  In 
particular,  the  design  of  an  auto-pilot  for  deep 
submergence  is  a  comparatively  simple  matter,  but 
to  be  of  any  use  to  the  submariner  the  control 
should  be  able  to  operate  when  subject  to  the 
disturbances  experienced  on  or  near  the  surface. 
The  simulation  of  the  hydrodynamic  forces  on  a 
submarine  hull  due  to  wave  disturbance  is  an 
extremely  complex  problem  which  will  be  briefly 
discussed  in  the  next  paragraph,  but  provided  some 
reasonably  approximate  representation  is  avail¬ 
able  the  assessment  of  the  performance  of  a  con¬ 
trol  system  is  amenable  to  solution  by  simulation 
techniques.  In  this  case,  the  representative  disturb¬ 
ance  is  fed  into  the  equations  of  motion  of  the 
controlled  submarine;  over  a  period  of  time  the 
deflections  of  the  vessel  from  its  desired  path,  and 
the  amounts  of  control  surface  angle  used  can  be 
calculated  and  recorded.  These  results  are  then 
analyzed  by  statistical  methods  and  the  perform¬ 
ance  of  different  control  systems  compared. 

The  Simulation  of  the  Disturbance  Produced  by 

Waves 

There  have  been  a  number  of  methods  proposed 
for  the  calculation  of  the  forces  and  moments  on 
a  submerged  body  moving  under  waves.  In  many 
investigations  of  submarine  motion  absolute 
realism  is  not  required  in  the  simulation  of  the 
surface  disturbances,  and  almost  any  of  the 
methods  could  be  used.  However,  just  occasionally 
requirements  have  arisen  to  hold  a  submarine 
absolutely  steady,  and  to  design  a  control  system 
for  this  situation  demands  a  more  thorough  know¬ 
ledge  of  the  forces  the  controls  have  to  overcome. 
Here  again  the  very  proliferation  of  reports  on  the 
analysis  of  the  sea  surface  and  its  effect  on  ships 
and  submarines,  suggests  that  as  yet  no  one 
method  has  been  entirely  successful. 

The  classical  theories  considered  spheroidal 
bodies  beneath  a  regular  sinusoidal  wave;  such  a 
theory  was  developed  by  Havelock(24).  The  results 
of  this,  and  similar  studies,  have  been  used  in  a 
number  of  simulations;  indeed  the  forces  and 
moments  calculated  by  these  methods  may  well 
reasonably  represent  the  forces  experienced  by  a 
submarine  under  the  elusive  “  long-crested  ”  sea. 
More  recently  it  has  been  assumed  that  the  forces 
do  not  vary  sinusoidally,  as  in  the  above  theories, 
but  vary  in  accordance  with  the  irregularity  of  the 
sea  surface.  A  major  problem  is,  of  course,  the 
representation  of  the  sea,  and  since  the  applica¬ 
tion  of  spectral  techniques(25)  to  the  study  of  ship 
motions,  a  number  of  workers  have  derived  what 
they  consider  reasonable  spectral  formulations  of 
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the  sea  surface.  Reference  (26)  gives  formulae  used 
for  calculating  the  wave  spectra  which  were 
derived  by  Darbyshire,  Neumann,  Moskowitz  and 
the  British  Towing  Tank  Panel.  The  formula  due 
to  Moskowitz  is  of  interest  in  that  it  is  the  result 
of  analysis  of  some  400  recordings  of  the  actual 
sea  state. 

In  actual  fact  the  Neumann  spectrum  was  used 
in  a  number  of  early  simulations,  this  spectrum 
being  given  by  the  formula: — 

0-00271  f-6  ex  p(— 18*41  f'2  W  2)  ft2  sec 
where  f  is  the  frequency  (cps)  and  W  the  wind 
speed  (knots).  The  spectrum  produced  by  the 
above  formula,  upon  substitution  of  a  particular 
value  of  the  wind  speed,  was  thought  by  Neumann 
to  give  the  frequency  content  of  a  fully  developed 
sea  surface  produced  by  the  assumed  wind.  For 
the  purposes  of  computer  simulation  the  signal 
from  a  white  noise  generator  (white  noise  contains 
all  frequencies  in  equal  proportion,  its  spectrum  is 
flat)  was  suitable  filtered  so  that  the  filter  output 
had  a  spectrum  approximately  the  shape  of  the 
Neumann  spectrum. 

In  the  assessment  of  a  submarine  control  system 
it  is  not  essential  for  any  simulated  disturbance  to 
be  absolutely  correct,  even  if  this  was  possible. 
A  simulation  of  the  form  described  above,  in  which 
the  external  forces  and  moments  on  the  submarine 
vary  in  an  irregular  manner  is  often  found 
adequate,  except  when  it  is  necessary  to  reproduce 
the  forces  experienced  by  a  vessel  operating  near 
the  surface  which  appear  to  attract  it  to  the 
surface. 

It  is  well  known  that  motion  in  a  fluid  due  to  a 
surface  wave  disturbance  decreases  with  increase 
in  depth.  Particles  in  the  fluid  subject  to  surface 
wave  disturbance  move  in  an  orbital  path  which 
becomes  smaller  on  increase  of  depth.  Thus  any 
body  moving  within  a  region  where  the  fluid 
motion  is  still  noticeable  will  have  fluid  moving 
along  its  upper  surface  at  a  greater  velocity  than 
that  moving  along  its  lower  surface.  This  effect 
is  thought  to  provide  a  lift  force  on  the  vessel 
which  depends  upon  its  depth  below  the  surface. 
Undoubtedly  the  force  exists  but  theories  are  not 
very  successful  in  predicting  its  magnitude.  In  fact 
in  this  whole  field  of  predicting  the  forces  on  a 
submarine  beneath  a  disturbed  sea  there  is  room 
for  more  investigation,  experimental  and  theor¬ 
etical.  The  lack  of  detailed  knowledge  is  the  main 
reason  why  this  note  has  been  almost  entirely 
restricted  to  the  consideration  of  deeply  submerged 
vessel,  where  the  effect  of  surface  disturbance  is 
not  noticeable. 

Display  Systems 

Although  automatic  control  of  a  vessel  is  the 
most  economic  and  efficient  method,  it  is  neces¬ 


sary  (e.g.  in  the  event  of  emergency)  to  be  able 
to  revert  to  manual  control.  If  the  human  operator 
is  required  to  assume  control  for  long  periods, 
and  also  be  able  to  make  full  use  of  the  sub¬ 
marine’s  manoeuvrability,  it  is  essential  that  he  be 
provided  with  an  adequate  display  system. 

Using  only  a  basic  presentation  a  single  operator 
would  have  to  keep  an  eye  on  hydroplane  angles 
(after,  and  occasionally  forward  also),  pitch  angle, 
depth,  rudder  angle  and  heading  angle.  Thus  five 
or  possibly  six  indicators  have  to  be  monitored, 
and  it  is  quite  impossible  to  undertake,  with 
accuracy  and  safety,  many  of  the  manoeuvres  of 
which  a  submarine  is  capable.  Using  the  archaic 
method  of  split  control  requiring  two  or  three 
operators  may  show  some  improvement  in  this 
case,  but  because  of  interaction  control  is  still 
going  to  be  highly  inefficient.  However  it  is  possible 
for  one  man  to  achieve  satisfactory  control,  pro¬ 
vided  that  he  is  supplied  with  a  suitable  display, 
which  in  this  context  requires  a  reduction  in  the 
number  of  instruments  to  be  monitored,  and  the 
introduction  of  “quickening  *\ 


FIG.  14.  Block  diagram  of  submarine  control  loop. 


In  the  control  of  a  submarine  man  is  an  element 
in  a  rather  complex  closed -loop  feedback  system, 
as  is  shown  in  Fig.  14. 

In  any  system  of  this  type  it  is  highly  desirable 
that  the  man  is  required  to  act  at  no  more  com¬ 
plex  a  level  than  a  simple  amplifier,  despite  the 
fact  that  man  is  the  most  adaptable  control  system 
available.  If  operation  as  a  simple  amplifier  is 
all  that  is  necessary,  the  human  operator  will  be 
able  to  operate  quite  satisfactorily  for  reasonably 
long  periods  of  time.  In  order  to  achieve  this  aim 
the  technique  of  display  quickening  is  adopted. 

Using  an  unquickened  display  of  basic  instru¬ 
ments  the  operator  sees,  in  effect,  an  error  signal 
in  each  of  them,  and  by  his  built-in  capability 
of  rate  estimation  (i.e.  approximate  differentiation) 
he  is  able  to  move  his  controls  in  a  manner 
approaching  that  which  is  required.  However  the 
more  complex  the  system  the  more  inaccurate  this 
estimation  becomes,  and  more  errors  appear  in 
the  output.  A  quickened  display  system  is  designed 
to  carry  out  any  necessary  differentiation  and 
reduce  the  role  of  the  operator  to  that  of  the 
simple  amplifier.  Thus,  whereas  for  the  unquick¬ 
ened  system  the  operator  viewed  an  error  signal 
of  the  form  (0j  —  0n)  where  0{  is  the  command 
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input,  and  0O  the  motion  output,  with  the  quick¬ 
ened  system  he  sees  an  error  signal  of  the  form 

0i”(Mo+Mo+k30o). 

This  then  is  the  general  approach  to  quickened 
display  systems,  and  a  number  of  sophisticated 
designs  have  been  evolved.  To  illustrate  the  point 
a  very  simple  display  system  developed  some 
years  ago,  which  proved  quite  satisfactory  on  a 
simulator,  will  now  be  described. 

In  the  description  of  automatic  controls,  it  will 
be  remembered  that  the  hydroplane  angle  was 
given  by  a  relation  of  the  form  8  =  f  (h ,0)  where  h 
is  the  depth  error,  and  0  the  pitch  angle  error. 
Similarly  the  rudder  angle  was  given  by  a  relation 
Sr  ==f(i p)  where  ^  is  the  heading  angle  error.  Thus 
at  all  times  the  following  relations  should  be 
true: — 

f(h,0)-8=o 

f(^)  — 8r  =  o  .  .  .  (71) 

although  because  of  delays  in  the  movement  of 
the  control  surfaces  there  will  be  discrepancies 
for  short  periods  of  time.  Suitable  functions 
f(h,0),  f(\p)  including  derivatives  of  the  variables, 
have  been  devised  during  the  development  of 
automatic  controls.  If  then  the  signals  given  by 
equations  (71)  are  fed  to  a  suitable  instrument, 
this  device  would  perform  a  useful  monitoring 
function  for  an  autopilot,  since  the  deflections 
should  be  on  or  about  zero  if  the  autopilot  is 
working  satisfactorily.  An  aircraft  instrument  was 
used  in  the  simulation  in  which  the  two  equations 
(71)  could  be  used  to  deflect  two  moveable  cross 
wires,  and  for  satisfactory  operation  the  cross¬ 
wires  should  cross  near  the  centre  of  the  display. 

If  now  the  autopilot  is  disconnected,  and  the 
human  operator  put  in  charge  of  the  controls,  the 
cross-wires  of  the  display  should  still  cross  near 
the  centre  of  the  instrument,  provided  that  the 
man  has  applied  approximately  the  correct  amount 
of  control  surface  angle.  The  human  operator  is 
thus  merely  replacing  a  simple  mechanical  linkage, 
and  the  only  deterioration  in  the  performance  of 
the  overall  system  is  that  introduced  by  the  poorer 
reaction  time  of  the  human  being.  A  diagrammatic 
representation  of  the  display  is  shown  in  Fig.  15, 
and  using  this  display  it  was  possible  on  the  simu¬ 
lator  to  undertake  the  most  complicated  man¬ 
oeuvres  with  little  or  no  previous  experience.  It 
should  be  noted,  of  course,  that  using  a  display  of 
this  type  the  operator  has  no  knowledge  of  his 
position  or  the  angles  used.  However  if  the  oper¬ 
ator  is  the  most  junior  member  of  the  crew  know¬ 
ledge  of  position  is  not  essential  to  him,  in  any 
case  the  conventional  instruments  recording  depth 
etc.,  would  undoubtedly  be  close  at  hand.  A  more 
important  aspect  is  the  possibility  of  limited  con¬ 
trol  surface,  and  attitude  angles  being  required; 


(a)  ACTION  REQUIRED. 
Stick  movement  to  Right  and  Back 


(b)  ACTION  REQUIRED. 
St'ck  movement  to  Lett  and  Forward 


(c)  NO  ACTION  REQUIRED. 
On  course  at  correct  depth 

FIG.  15.  An  experimental  submarine  control  display 
system. 


Since  this  contribution  was  written  a  paper  has  been 
published  in  the  Naval  Engineers ’  Journal  (December 
1966)  which  gives  details  of  American  studies  of  emer¬ 
gencies  and  recovery  procedures.  It  is  entitled  “  Over¬ 
coming  Submarine  Control  Surface  Jams  and  Flooding 
Casualties  ”  and  is  by  A.  J.  Giddings  and  W.  J.  Louis. 


these  limitations  can  be  applied  in  the  same  way 
as  for  the  autopilot,  leaving  the  operator  free  to 
use  the  display  system  without  reference  to  other 
instruments. 

The  more  sophisticated  display  system  is  typi¬ 
fied  by  the  system  which  carries  a  high-speed  com¬ 
puter  which  continuously  calculates  the  sub- 
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marine’s  position  at  some  time  in  the  future, 
should  the  control  surfaces  be  held  fixed  in  the 
position  they  are  in  at  the  instant  of  calculation. 
If  this  future  position  is  displayed  on  a  cathode 
ray  tube,  and  also  the  desired  future  position,  it 
is  obviously  the  function  of  the  operator  to  main¬ 
tain  coincidence  between  the  two. 


PART  X.  FULL  SCALE  TRIALS,  INCLUDING  ASYMPTOTIC  RESPONSE  METHODS. 


Introduction 

The  preceding  parts  of  this  contribution  have 
been  concerned  with  the  development  of  a  theory 
for  predicting  submarine  performance,  and  the 
ultimate  check  of  the  usefulness  of  any  such  theory 
is,  of  course,  in  the  performance  of  the  full-scale 
vessel.  A  number  of  specific  manoeuvres  have 
already  been  described,  and  the  comparison  of  the 
predicted  and  actual  performance  of  such  man¬ 
oeuvres  is  likely  to  be  part  of  any  trials  programme. 
However,  a  study  of  the  theory  suggests  that  it 
should  be  possible  to  obtain  more  basic  data  from 
full-scale  trials,  in  particular  actual  derivative 
values.  Some  possible  methods  are  given  in  this 
chapter  although  it  must  be  remembered  that  full- 
scale  trials  are  more  difficult  to  control  than  model 
experiments,  and  it  is  not  easy  to  perform 
accurately  even  the  simplest  of  manoeuvres. 

Determination  of  Zw'  and  Mw' 

Consider  the  vertical  plane  of  motion,  and 
assume  that  the  motion  of  the  submarine  is 
adequately  described  by  the  simplified  longitudinal 
equations.  Thus  if  the  submarine  has  forward  and 
after  hydroplanes  (angular  deflections  Sf  and  6a), 
the  equations  of  motion  are: — 

(m'-Z-')w'=(m'+Zq')q' 

+w'Zw'+Z*'  +  SfZ'  +  8aZ' 

Sr  Sa 

(I/-M*')q'=q'M/  +w'Mw' 

—  m'y/q'dr+M/  +  8£M'  +  8aM' 


It  is  assumed  that  the  submarine  is  in  a  neutrally 
buoyant  condition,  but  the  terms  Z*'  and  M*' 
have  been  introduced  which  represent  the  force 
and  moment  on  the  vessel  when  it  is  proceeding 
straight  and  level  at  zero  pitch  angle.  Z*'  and  M*' 
may  be  due  to  asymmetry  in  the  body  of  the  vessel, 
and  are  the  force  and  moment  which  require  a 


non-zero  hydroplane  angle  (i.e.  balance  angle)  to 
hold  the  submarine  in  a  level  path.  It  is  further 
assumed  that  values  of  the  hydroplane  derivatives 
which  have  been  determined  for  a  model  (i.e. 
towing  tank  experiment)  can  be  applied  to  the 
full-scale  ship. 

Some  of  the  terms  of  equations  (72)  are  zero  in 
steady  state  conditions,  and  if  a  submarine  is  made 
to  proceed  at  constant  depth  while  the  hydroplanes 
are  adjusted  to  achieve  steady  state  conditions 
for  a  number  of  different  pitch  angles,  including 
zero,  the  angles  recorded  should  satisfy  very  simple 
relations.  Trials  could  also  be  undertaken  at 
different  speeds,  but  non-dimensional ized  results 
should  be  speed  independent.  Angular  deviations 
must  not  be  large  enough  to  invalidate  the  assump¬ 
tion  of  small  disturbances. 

For  the  submarine  at  constant  depth  in  level 
trim  equations  (72)  reduce  to: — 

0=Z/  +  8fZ'  +  8aZ' 

8  f  8„ 

0=M*'+8fM'  +8aM'  _ 

Of  o,i  .  .  .  ( fj) 

Substituting  into  the  above  equations  the 
recorded  values  of  the  hydroplane  angles  that  were 
required  to  hold  the  submarine  in  level  trim,  it  is 
possible  to  obtain  Z*'  and  M*'  by  using  the 
assumed  values  of  the  hydroplane  derivatives. 

In  those  conditions  in  which  the  submarine  is 
not  in  level  trim,  but  is  proceeding  along  a  level 
path  at  some  non-zero  pitch  angle,  then  the  follow¬ 
ing  equations  should  be  satisfied: — 

0=w'Zw'+Z*'+8fZ'  +8aZ' 

Sf  Sn 

0=w'Mw'  — m'y0+M*'  +SfM'  +8aM' 


and  furthermore  in  such  steady  states  w',  the  angle 
of  incidence  is  equal  to  the  pitch  angle  6.  Thus 
using  the  first  of  equations  (74)  the  values  of  Z*, 
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Z'  Z'  would  be  known,  the  values  of  Sf, 

Of  Oa 

8  a  and  w'  should  have  been  recorded  at  each 
steady  state  condition,  and  hence  w'Zw'  is  calcul¬ 
able  for  each  case.  Plotting  w'Zw'  against  w'  for  a 
number  of  different  conditions  (bow-up  and  bow- 
down)  should  obviously  produce  a  straight  line  of 
slope  Z'w,  for  the  small  angles  used. 

In  order  to  determine  Mw'  the  second  of  equa¬ 
tions  (74)  is  used  and  a  similar  procedure  adopted 
but,  in  this  case,  some  prior  knowledge  of  the  mass 
and  metacentric  height  of  the  submarine  should  be 
available.  The  equation  can  only  be  solved  if 
values  of  m'  and  y  are  known. 

The  difficulties  of  this  method  are  apparent, 
apart  from  the  assumptions  that  have  to  be  made, 
the  trial  runs  themselves  are  not  easily  under¬ 
taken,  steady  states  are  difficult  to  achieve.  It  is 
more  difficult  to  devise  a  method  for  the  direct 
determination  of  Zq'  and  Mq\  but  an  interesting 
possibility  depends  upon  the  following  theory. 


FIG.  16.  Path  of  submarine  followins  deflection 
of  hydroplanes. 


A  Further  Application  of  Asymptotic  Response 

Consider  a  submarine  proceeding  initially  in  a 
straight  and  level  path,  at  some  point  in  time  the 
hydroplanes  are  deflected  as  quickly  as  possible 
to  pre-determined  angles  and  held  in  those  posi¬ 
tions.  The  track  of  the  submarine  is  shown  in 
Fig.  16. 

The  hydroplanes  were  moved  over  at  point  O, 
at  some  time  t  the  submarine  has  reached  P  co¬ 
ordinates  (x,  z),  it  has  pitch  angle  0,  the  angle  of 


incidence  is  a  and  the  direction  of  motion  at  P 
is  distant  h  from  O.  It  is  easily  seep  that: — 

h=x  sin  (0  — «)  —  z  cos  (0  —  a) 

However  once  more  it  will  be  assumed  that  devia¬ 
tions  are  small  enough  to  satisfy  the  assumption 
of  the  simplified  approach,  and  thus: — 

h=x  (0  —  «)  —  z 

w 

Furthermore  «=  — p^and  x  =  Ut  and  therefore: — 

h=t(U0  —  w)  —  z 
and  since  z=w  —  U0 

h  =  -tz-z  .  .  .  (75) 

Assume  now  that  the  initial  application  of  the 
hydroplanes  at  O  (i.e.  t=0)  is  such  that  they  pro¬ 
duce  no  resultant  force,  merely  a  pitching  moment. 
Using  the  equations  introduced  in  Part  IV,  the 
following  must  thus  be  satisfied: — 

\v+a!W=a20 

0+bi0+b20=b3W+b4S 

.  ■  •  (76) 

where  b48  represents  the  pure  pitching  moment 
produced  for  simplicity  by  a  single  control  sur¬ 
face  deflected  angle  8,  in  actual  applications  this 
term  would  represent  the  effect  of  forward  and 
after  hydroplanes  combined. 

Taking  the  Laplace  transformation  of  equations 
(76)  and  solving: — 

Oft  _  _ b4(s+ai) _ 

8(s)  (s3  T  (a ! + b^s2 + (aibj. — a2b3  4-  b2)s  4-  a  1b2) 

.  .  .  (77) 

w(s)  a2b4s 

S(s)  =  (s3  4- (aj  4-  b  Js2  4- (arbi  —  a„b3  +  b2)s+ aib  ) 

.  .  .  (78) 

and  since  z=w— U0 
z(s) = w(s) — U  0(s) — sz(s) 

Furthermore  if  it  is  assumed  that  the  hydro¬ 
planes  are  moved  to  their  pre-determined  angles 
instantaneously  then: — 


where  8p  is  the  pre-determined  fixed  angle. 

Using  the  above  equations,  substitution  gives: — 

v  ,  _ (a2b4s-Ub4(s+a1))8p 

Z^S  s(s3  +  (ai + bi)s2 + (a4bi — a2b3  +  b2)  s  4-  a  tb2) 

=  sz(s)  .  .  .  (79) 

Now  from  equation  (75): — 

h  =  —  tz— z  and  thus  h(s)  = - s^z(s)_ 


and  by  the  final  value  theorem  of  the  Laplace 
transformation  theory: — 

lim  h  __  lira  ["  2  dz(s)  "I 
t— >oo  s— >0  L  S  ds  J 

.  .  .  (80) 

provided  that  if  the  denominator  of  the  term  in 
square  brackets  is  a  polynomial  it  has  zero  roots 
or  the  roots  have  negative  real  parts.  Substitution 
gives: — 
lim  h  lim 
t— >oo  —  s— >o 

|“  _d_( _ (a2b^s  —  Ub^s  +  aJ  )8p _ 

L‘'ds((ss+(ai+b1)s2+(a1b1-a2b8+b2)s+a1b2)jJ 


which  simplifies  to  become: — 


lim  h 

t— >  00 


_A_ 

aib22 


82b"  UfSjba  tlibj 


)  1  8p 
.  .  .  (81) 


and  the  condition  attached  to  equation  (80) 
demands  that  the  submarine  is  stable. 

The  coefficients  in  equation  (81)  were  defined 
in  Part  IV  as  follows: — 


z/u 

(m'-ZV)L 

i  <*2  — 

WU 

:  b2  = 

(1/  —  M;/)L 

M,'U 

(I/— Mr,')L2 

;  b.,  = 

and  thus  equation  (81)  becomes: — 

lim  h 

t->  00 

(m'+Zq')U 
(m'-Z^') 
m'g  BG 
(I/— M*')LJ 
Mfi'U2 

(V-Mi')L* 


M'LU2  _ 

- £ -  (m'+Z,/)m'gBG- 

Zw'(m'gBG)2  1 

U2  {(m'+Zr,')Mw'— Zw'Mq'} }  Sp 

From  this  equation  it  is  seen  that  for  a  pre¬ 
determined  hydroplane  angle  Sp,  which  produces 
a  pure  pitching  moment,  as  t->oo  the  distance  h 
is  a  constant  for  a  given  speed  of  the  submarine. 
Hence  the  path  of  the  submarine  must  eventually 
become  a  straight  line.  Application  of  the  final 
value  theorem  to  equations  (77)  and  (78)  gives  the 
ultimate  values  of  0  and  w  which  are: — 


0  = 


Sp 


w=0  .  .  .  (82) 


The  ultimate  path  of  the  submarine  is  thus  a 
straight  line  at  an  angle  6  to  the  horizontal  (given 
by  equation  (82)),  distance  h  from  the  point  at 
which  the  hydroplanes  were  applied. 
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From  equation  (82)  it  is  seen  that:— 
m'gEG 

8P=  M'  U2  •  9 
8 

and  thus: — 
lim  h  _ 

t — >  00 

^{(m'+Zq')-m/ggG(Mw'(m'+Zq')— Zw'Mq') 

.  .  .  (83) 

This  equation  will  be  used  in  the  description 
of  how  Zq'  and  Mq'  could  be  determined  on  full 
scale  trials. 


Determination  of  Zq'  and  Mq' 

Consider  now  a  submarine  in  a  dive  with  bow- 
down  pitch  angle  0 ,  and  the  hydroplanes  held 
fixed  at  angles  such  that  the  incidence  angle  of 
the  submarine  is  zero.  If  at  some  point  the  hydro¬ 
planes  are  returned  as  quickly  as  possible  to  their 
balance  angles,  provided  the  vessel  was  initially 
hydrostatically  trimmed,  its  eventual  path  should 
be  straight  and  level.  This  manoeuvre  is  illustrated 
in  Fig.  17. 

It  is  seen  that  this  manoeuvre  is  exactly  analagous 
to  that  analyzed  in  the  preceding  paragraph,  and 
thus  the  depth  increase  from  the  point  the  hydro¬ 
planes  are  returned  to  balance  angles  to  the  final 
depth  is  given  by  equation  (83)  viz: — 

h=  v7\  V+Zq')- 

m'g  BG(Mw'(m'  +Zq'y ~Z"  'Mq,)  j 

Now  values  of  L,  m'  and  BG  should  be  available, 
and  Mw'  and  Zw'  could  have  been  determined  by 
the  method  described  earlier.  Values  of  0,  U,  and 
h  could  be  recorded  on  each  manoeuvre  of  the 
above  type,  and  hence  if  two  manoeuvres  were 
undertaken  with  different  initial  conditions  it  is 
possible  to  calculate  values  of  Zq'  and  Mq'.  It  is 
essential,  of  course,  that  this  manoeuvre  would 
have  to  be  undertaken  with  great  accuracy  if  the 
final  result  were  to  be  reliable.  Unfortunately  the 
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manoeuvre  demands  an  initial  zero  angle  of  inci¬ 
dence,  and  the  angle  of  incidence  is  not  particu¬ 
larly  amenable  to  measurement.  However  apart 
from  the  determination  of  derivative  values,  this 
manoeuvre  is  of  interest  in  that  the  pull  out  dis¬ 
tance  h  is  a  measure  of  the  ability  of  the  vessel 
to  pull-out  from  a  dive  without  the  use  of  control 
surfaces. 

Yet  Another  Application  of  Asymptotic  Response 

If  the  motion  of  a  submarine  is  adequately 
described  by  the  simplified  longitudinal  equations, 
and  the  vessel  is  disturbed  by  a  harmonically 
oscillating  lift  and  pitching  moment,  ultimately 
the  motion  of  the  submarine  in  each  degree  of 
freedom  should  also  be  harmonic  oscillations,  but 
out  of  phase  with  the  disturbance.  Such  an  asymp¬ 
totic  motion  would  be  described  by  the  amplitude 
and  phase  of  the  oscillations  in  each  degree  of 
freedom.  The  detailed  analysis  of  responses  of 
this  nature  has  been  undertaken  for  servo-mech¬ 
anisms  and  aircraft,  and  theoretically  it  is  possible 
by  similar  analysis  to  obtain  all  the  derivative 
values  which  describe  the  motion  of  a  submarine. 

In  theory  this  method  is  certainly  attractive,  all 
the  derivatives  can  be  obtained,  and  the  asymp¬ 
totic  response  (if  it  can  be  achieved)  in  the  vertical 
plane  does  not  require  excessive  excursions  in 
depth.  The  disadvantages  are  perhaps  equally 
apparent,  for  instance,  the  disturbance  can  really 
only  be  applied  by  the  hydroplanes,  and  these  arc 
more  likely  to  produce  a  trapezoidal  disturbance 
rather  than  sinusoidal.  This  in  itself  may  not  be 
an  unsurmountable  difficulty  provided  the  hydro¬ 
plane  movement  can  be  controlled  accurately,  say 
by  automatic  control.  It  is  unlikely  that  the  time- 
honoured  process  of  an  officer  issuing  orders  to  a 
planesman  would  be  accurate  enough.  Even  if  this 
problem  were  solved,  however,  analysis  in  the 
detail  required  by  this  method  would  require  ex¬ 
tremely  accurate  records,  probably  more  accurate 
than  those  obtainable  by  practicable  means. 

Determination  of  the  Damping  Ratio 

The  methods  described  in  the  preceding  para¬ 
graphs  of  this  part  were  concerned  with  the  deter¬ 
mination  of  derivative  values;  of  equal  interest  is 
a  method  for  determining  the  damping  ratio.  It 
will  be  remembered  that  in  Part  IV  the  motion  of 
a  submarine  in  the  vertical  plane  was  compared 
to  a  second  order  servo-mechanism  for  which  a 
damping  coefficient  of  between  0*6  and  0*85  is 
satisfactory.  It  is  possible  to  obtain  the  damping 
ratio  on  full-scale  trials  by  analysis  of  the  so-called 
meander  manoeuvre(20). 

To  carry  out  the  meander  manoeuvre  the  hydro¬ 
planes  are  deflected  to  some  pre  -determined  angle 


for  a  short  interval  of  time  and  then  returned  to 
balance  angles.  The  changes  in  depth  and  pitch 
angle  are  continuously  recorded,  and  the  sub¬ 
sequent  analysis,  as  well  as  producing  the  damping 
ratio,  also  provides  the  time  to  damp  to  one-half 
amplitude,  and  the  damped  period  of  oscillation. 
Here  again  accuracy  in  carrying-out  and  recording 
the  manoeuvre  is  essential. 

PART  XI.  SUMMARY 
Objectives  Fulfilled 

One  of  the  reasons  for  embarking  on  a  study 
of  the  stability  and  control  of  submarines  was  to 
develop  a  theory  whereby  the  characteristics  of  a 
vessel  could  be  determined  in  the  design  stage.  At 
this  stage  a  design  can  easily  be  modified  if  it  is 
found  that  its  predicted  performance  does  not  fulfil 
the  desired  requirements.  Up  to  a  point  success 
has  been  achieved  in  this  respect,  since  it  has  been 
shown  that  it  is  possible  to  predict  the  perform¬ 
ance  of  a  submarine  before  it  is  built,  provided 
that  some  knowledge  of  the  hydrodynamic  forces 
is  available.  Unfortunately  theoretical  prediction  of 
the  hydrodynamic  forces  has  not  yet  proved 
entirely  adequate,  and  much  of  the  basic  data  is 
obtained  from  model  tests;  unless,  of  course,  a 
design  is  sufficiently  similar  to  a  previous  design 
with  known  characteristics  so  that  approximations 
to  the  basic  data  can  be  made.  However,  if  reliable 
estimates  of  the  hydrodynamic  data  are  available 
it  is  possible  to  predict  the  performance  character¬ 
istics  of  a  submarine,  and  the  following  paragraphs 
are  in  the  nature  of  a  summary  of  the  uses  to 
which  this  information  can  be  put. 

A  submarine  is  designed  for  particular  opera¬ 
tional  requirements  which  the  vessel  should  be 
able  to  undertake  without  undue  risk  to  the  oper¬ 
ators.  In  the  preceding  pages  a  number  of  stability 
criteria  and  performance  indices  have  been  devel- 
open  which  could  be  used  to  indicate  whether  or 
not  a  particular  design  is  satisfactory.  One  of  these 
criteria — that  of  metacentric  stability  which  en¬ 
sures  that  the  submarine  remains  in  an  upright 
position  when  at  rest — was  said  to  be  a  mandatory 
condition,  satisfaction  of  the  other  criteria  pro¬ 
vides  differing  degrees  of  stabiliy  and  controll¬ 
ability,  which  may  or  may  not  be  required. 
Obviously,  in  the  stick  fixed  condition  straight  line 
stability  is  a  desirable  attribute,  particularly  in  the 
vertical  plane  where  because  of  the  metacentric 
stability  the  submarine  would  then  have  direc¬ 
tional  stability.  The  stability  criteria  were  given 
by  relations  (16)  and  (36).  Stability  should  not, 
of  course,  be  so  great  as  to  make  control  difficult, 
and  by  analogy  with  a  servomechanism  suitable 
values  of  the  damping  ratio  were  proposed.  An¬ 
other  condition  that  should  perhaps  be  mandatory 


is  that  requiring  a  one-to-one  correspondence 
between  control  surface  movement  and  response 
of  the  submarine.  Certainly  this  condition  should 
be  mandatory  in  the  vertical  plane  where  the  oper¬ 
ating  depth  is  restricted,  it  is  not  quite  so  important 
in  the  horizontal  plane,  and  in  fact  it  has  already 
been  noted  that  boats  have  been  known  to  exhibit 
a  loop  when  subject  to  the  spiral  manoeuvre.  How¬ 
ever  any  loop  must  be  of  limited  width,  other¬ 
wise  control  will  be  rather  difficult.  Whether  or  not 
a  particular  design  is  likely  to  meet  the  perform¬ 
ance  requirements  could  also  be  assessed,  by  solv¬ 
ing  the  equations  of  motion  to  determine  the 
response  to  specific  manoeuvres. 

If  the  application  of  the  theory  in  the  above 
manner  shows  that  all  is  well  there  should  be  no 
problems  when  the  submarine  is  built.  Should, 
however,  the  criteria  be  not  satisfied,  any  modifica¬ 
tion  to  the  design  that  is  thought  necessary  will 
depend  upon  the  experience  and  the  “  know-how  ” 
of  the  designer;  since  there  is  no  one-to-one  corres¬ 
pondence  between  structural  and  performance 
characteristics.  To  take  a  simple  example,  the 
addition  of  fin  area  in  either  plane  at  the  stern 
affects  all  derivatives  in  that  plane.  Thus  extra  fin 
area  in  the  plane  of  the  hydroplanes  ( e.g .  stabi¬ 
lizer  fin)  would  provide  a  negative  increment  (say 
—  8x)  to  Z w'  and  approximately  the  following 
modification  to  the  other  derivatives: — 


Similarly  extra  fin  area  in  the  plane  of  the  rudder 
would  provide  a  negative  increment  (again  say 
—  8x)  to  Y  '  and  approximately  the  following 
modification  to  the  other  derivatives: — 


where  in  each  case  the  centre  of  pressure  of  the 
additional  fin  is  assumed  to  be  at  distance  1  from 
the  centre  of  gravity  of  the  submarine.  The  mag¬ 
nitude  of  these  increments  would  not  necessarily 
be  confirmed  by  model  tests,  but  these  theoretical 
values  have  been  included  to  show  that  even  a 
relatively  simple  structural  modification  does  not 
alter  the  performance  characteristics  in  a  manner 
that  is  immediately  apparent. 

Following  the  assessment  of  the  performance  of 
a  particular  design  it  is  also  possible,  if  required, 
to  study  the  design  of  suitable  control  systems  in 
order  that  full  advantage  can  be  taken  of  the 
improved  manoeuvrability  of  the  modern  sub¬ 
marine.  Computer  simulation  of  the  submarine 
motion,  which  of  course  demands  initial  know¬ 
ledge  of  the  equations,  is  ideally  suited  to  this 
application  Simulated  control  systems  can  be 
linked  to  the  simulated  submarine  and  perform¬ 
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ances  compared;  in  fact,  in  the  later  stages  of  the 
design  of  a  control  system  the  actual  hardware 
can  be  coupled  via  suitable  transducers  to  the 
computer  simulation  of  the  submarine  itself.  Auto¬ 
matic  controls  have  been  successfully  designed  and 
evaluated  using  these  techniques.  However,  even 
the  best  automatic  control  could  fail,  and  thus 
manual  control  should  also  be  assessed  particularly 
as  the  task  of  the  human  operator  becomes  increas- 
ingly  difficult  as  development  proceeds.  It  is  clearly 
a  simple  matter  to  couple  manual  controls  to  a 
simulation,  but  the  more  important  consideration 
is  in  the  provision  of  a  suitable  display  system  for 
the  operator.  Most  operators  would  find  control 
difficult  if  they  were  provided  with  no  more  than 
the  usual  plethora  of  instruments  recording  on 
separate  gauges  the  depth,  pitch  angle,  heading 
angle,  rudder  angle,  hydroplane  angles,  etc . 
“Quickened  ”  display  systems  have  already  been 
mentioned,  systems  which  reduce  the  presentation 
of  information  to  the  minimum  number  of  instru¬ 
ments  and  also  reduce  the  amount  of  anticipation 
required  from  the  operator,  and  systems  of  this 
type  have  been  evaluated  by  simulation. 

The  evaluation  of  automatic  controls  is  perhaps 
easier  in  some  respects  than  the  evaluation  of 
manual  control,  in  particular  the  human  operator 
is  susceptible  to  his  environment  to  a  much  greater 
degree.  Hence,  if  possible,  for  investigations  in¬ 
volving  human  operators  the  actual  motions,  and 
the  environment  of  the  control  room  (including 
noise)  should  be  reproduced.  The  production  of 
such  a  simulator  is  naturally  a  major  undertaking, 
but  a  number  have  been  constructed  which  are 
exact  replicas  of  submarine  control  rooms,  which 
can  also  be  pitched  and  rolled.  A  computer  is 
used  to  solve  the  equations  of  motion  in  real  time, 
the  inputs  to  the  equations  being  simulated  ex¬ 
ternal  disturbances,  or  control  column  movements 
by  the  operator;  the  outputs  of  the  equations  U.e. 
the  motion  of  the  submarine)  arc  used  to  drive  a 
mechanism  that  pitches  and  rolls  the  cabin  in  the 
appropriate  manner.  The  equations  of  motion 
required  for  such  a  device  are  similar  to  those 
given  in  this  note,  with  a  few  additional  terms  to 
represent  taking  on  or  blowing  out  of  ballast  water, 
etc.  Simulators  of  this  type  are  of  course  ideal  for 
the  training  of  operators  before  going  to  sea. 

The  above  paragraphs  of  this  section  have  been 
concerned  with  the  use  of  theoretical  methods  for 
the  evaluation  of  a  design  and  its  equipment.  A 
further  use  of  the  theory  is  the  prediction  of  the 
areas  of  safe  operation  taking  into  account  any 
limitations  of  the  equipment.  The  deeply  sub¬ 
merged  submarine  is  subject  to  enormous  pressure, 
and  indeed  at  some  depth  the  hull  will  collapse; 
this  collapse  depth  is  dependent  upon  the  materials 
of  construction  and  the  manufacturing  techniques. 
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Obviously  it  is  vitally  important  that  any  sub¬ 
marine  should  not  approach  its  collapse  depth  too 
closely,  even  in  the  event  of  an  emergency.  The 
mode  of  operation  of  a  submarine  is,  of  course,  for 
the  submariner  to  decide,  but  at  least  guidance  can 
be  given  on  the  effectiveness  of  the  recovery  pro¬ 
cedures  in  the  event  of  an  emergency,  and  also 
some  indication  given  of  the  limitations  of  speed, 
depth,  pitch  angle,  and  hydroplane  angles  which, 
if  observed,  would  ensure  that  the  submarine  was 
at  any  time  in  a  position  from  which  recovery  is 
possible.  Such  information  can  be  obtained  by 
solving  the  equations  of  motion  with  simulations 
of  the  emergencies  and  recovery  procedures. 

Problems  for  Further  Study 

Equations  of  motion  of  the  type  described  in 
this  contribution  are  reasonably  realistic  in  the 
representation  of  the  motion  of  a  submarine 
although  there  are  shortcomings,  particularly  now 
that  motions  are  such  that  many  of  the  hydro- 
dynamic  forces  must  be  highly  non-linear.  Cer¬ 
tainly  there  would  appear  to  be  room  for  improve¬ 
ment  in  the  mathematical  simulation  of  tight  turns, 
including  the  prediction  of  snap  roll  angles,  and 
also  in  the  simulation  of  emergencies,  and  the 
recovery  procedures.  In  view  of  the  difficulties 
experienced  in  the  theoretical  determination  of  the 
hydrodynamic  forces  on  a  submarine  it  seems 
likely  that  solution  of  the  above  problems  will 
have  to  rely  on  refined  experimental  techniques. 
However,  where  simplified  equations  are  applic¬ 
able  it  would  be  very  advantageous  to  be  able  to 
calculate  reliable  derivative  values  without  the 
need  for  model  experiments.  On  the  face  of  it 
this  should  not  be  an  intractable  problem  for  the 
deeply  submerged  submarine,  greater  difficulties 
arise  in  the  consideration  of  near  surface  opera¬ 
tions. 

Future  Development 

The  modern  submarine  is  probably  in  most 
cases  sufficiently  manoeuvrable  to  meet  all  its 
requirements,  and  in  many  cases  its  full  potential 
is  never  exercised.  The  greatest  restriction  in  sub¬ 
marine  operation  is  that  imposed  by  the  collapse 
depth,  and  in  this  respect  there  is  scope  for  future 
development,  if  there  is  any  requirement  for  it. 
The  discussion  of  the  manufacturing  techniques 
and  materials  required  to  increase  collapse  depth 
is  outside  the  scope  of  this  note,  but  greater  oper¬ 
ating  depths  would  affect  some  of  the  problems 
with  which  preceding  chapters  have  been  con¬ 
cerned.  In  particular,  this  applies  to  the  consider¬ 
ation  of  emergencies  and  recovery  procedures, 
which  would  require  re-investigation  for  greater 
operating  depths,  since  it  has  already  been  indi¬ 
cated  that  there  is  no  really  successful  recovery 


procedure  in  the  direst  emergency  even  at  present 
operating  depths.  One  thing  apparent  from  the 
investigation  of  the  recovery  procedures  was  the 
extreme  importance  of  the  immediate  apprecia¬ 
tion  of  any  emergency,  and  the  equally  immediate 
initiation  of  the  available  recovery  procedures. 
This  factor  can  only  be  of  even  more  importance 
at  greater  operating  depths  and  alarm  systems 
should  cover  all  possible  sources  of  emergencies. 
Conversely  it  is  from  a  consideration  of  emer¬ 
gencies  that  a  requirement  for  greater  operating 
depth  could  arise.  Certainly  if  a  submarine  did 
not  collapse  in  the  event  of  a  failure  it  could  sit 
on  the  sea  bed  while  undertaking  repairs  or  await¬ 
ing  rescue,  provided,  of  course,  that  suitable 
rescue  vessels  had  been  developed  concurrently. 

Control  of  the  submarine  should  not  present 
any  more  major  problems;  there  is  sufficient  know¬ 
ledge  available  with  respect  to  suitable  automatic 
controls,  and  effective  display  systems  for  manual 
operation.  However  it  is  obvious  that  at  low 
speeds  in  regions  where  there  are  noticeable  effects 
due  to  surface  disturbance  it  is  difficult  to  main¬ 
tain  depth  accurately  using  hydroplanes  alone, 
since  at  very  low  speeds  the  hydroplanes  are 
relatively  ineffective  (because  the  force  generated 
by  their  displacement  is  dependent  upon  the 
square  of  the  velocity).  In  fact  were  it  not  largely 
for  low  speed  considerations  the  forward  hydro¬ 
planes  may  well  have  been  dispensed  with  in  the 
modern  submarine.  As  was  noted  in  Part  IV  the 
forward  hydroplanes  do  not  suffer  reversal  at  low 
speeds,  and  over  a  limited  speed  range  near  the 
reversal  speed  of  the  after  hydroplanes  the  for¬ 
ward  hydroplanes  are  more  effective  in  depth 
changing.  At  high  speeds,  however,  the  effect  of 
the  forward  hydroplanes  is  negligible.  Hence,  for 
efficient  depth  control  at  very  low  speeds  (if 
required)  it  is  necessary  to  have  some  additional 
method  of  control,  high  speed  transference  of 
ballast  water  being  the  most  obvious  solution. 

A  number  of  undesirable  effects  in  the  motion 
of  a  submarine  are  due  in  no  small  measure  to 
the  presence  of  the  rather  large  bridge  fin.  Cer¬ 
tainly  the  bridge  fin  is  a  major  contributory 
factor  to  the  rolling  that  occurs  when  rudder  is 
applied,  although  removal  of  the  bridge  fin  does 
not  entirely  eliminate  roll.  More  effective  roll 
control  is  perhaps  a  possibility,  although  again 
there  is  a  problem  at  low  speeds  when  hydrodyna- 
matic  controls  are  less  efficient.  Furthermore  it  is 
clear  from  the  asymmetry  of  the  bridge  fin  that  it 
would  cause  a  submarine  to  roll  when  coming  to 
the  surface  more  or  less  vertically,  under  the  effect 
of  buoyancy  caused  by  blowing  ballast.  Clearly 
there  is  a  case  for  reduction  in  the  relative  size  of 
the  bridge  fin,  although  this  invokes  problems  in 
the  housing  of  periscopes  and  other  equipment. 


Apart  from  a  few  oceanographic  vehicles  which 
can  hardly  be  described  as  submarines  in  this  con¬ 
text,  ships  that  have  been  built  to  date  have  been 
specifically  for  military  applications.  It  is  not 
inconceivable  that  in  the  future  cargo  submarines 
may  make  their  appearance.  There  have  been  a 
number  of  papers  on  the  subject  of  cargo  sub¬ 
marines  showing  that,  apart  from  the  possibility 
of  blockade  running,  in  certain  instances  the  cargo 
submarine  could  be  an  economic  proposition  (see 
for  instance  Reference  (27).  The  most  suitable 
cargoes  are  those  of  high  density  and  of  such 
consistency  that  they  can  be  loaded  and  unloaded 
through  relatively  small  hatches.  Broken  mineral 
ores,  coal,  and  oil  fall  into  these  categories. 
Economy  becomes  a  consideration  if  quick  turn 
round  can  be  achieved  and  speeds  of  the  order 
of  30  knots  maintained  in  transit.  A  particular 
application  that  springs  to  mind  is  the  ability  of 
the  submarine  to  travel  beneath  the  ice,  and 
hence  provide  all  the  year  round  service  to  ports 
which  would  otherwise  be  closed  in  winter  with¬ 
out  the  extensive  and  expensive  use  of  ice¬ 
breakers.  There  are,  of  course,  a  number  of  logistic 
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problems  which  would  require  solution  before 
such  a  project  could  become  a  reality,  but  at  least 
sufficient  is  now  known  about  the  stability  and 
control  of  underwater  vehicles  to  ensure  that  there 
are  no  problems  in  this  respect. 
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TWO -MAN  WET  UNDERWATER  VEHICLE 


The  ability  of  swimmers  to  perform  tasks 
underwater  is  very  largely  dependent  on  the 
equipment  with  which  they  are  provided.  When 
swimmers  have  to  travel  considerable  distances 
underwater  either  in  carrying  out  their  duties  or 
between  the  point  at  which  they  enter  the  water 
and  that  where  they  are  required  to  operate, 
then  their  activities  are  largely  limited  by  their 
physical  endurance  and  breathing  equipment. 
These  limitations  can  be  reduced  if  the  swimmers 
can  be  provided  with  some  means  of  underwater 
mobility  which  will  enable  them  to  move  at  higher 
speeds  than  can  normally  be  achieved  by  an 
unaided  swimmer  and  with  the  minimum  of 
fatigue. 

To  this  end,  a  two-man  wet  underwater  vehicle 
has  been  designed  and  produced  by  Admiralty 
Materials  Laboratory.  The  two  underwater  swim¬ 
mers  arc  accommodated  lying  on  either  side  of 
and  above  the  main  hull.  The  lefthand  swimmer 
controls  the  vehicle  by  the  use  of  a  foot  operated 
rudder  bar  and  a  hand  control  to  the  linked 
forward  and  after  hydroplanes.  A  comprehensive 
range  of  instruments  is  displayed  in  the  central 
pod  to  both  swimmers  to  enable  them  to  navigate 
over  short  distances  ( e.g .  compass,  log,  speed  in¬ 
dicator  and  depth  gauge)  and  to  monitor  the 
performance  of  the  vehicle  (e.g.  voltmeter, 
ammeter  and  tachometer).  The  vehicle  is  powered 


by  a  silver  zinc  battery  operating  through  a  d.c. 
motor  and  reduction  gearing  to  an  adjustable 
pitch  propeller.  A  speed  in  excess  of  three  knots 
can  be  achieved  which  is  the  maximum  which 
an  unprotected  swimmer  can  withstand  on  an 
exposed  wet  vehicle. 

Negotiations  are  at  present  in  hand  with  the 
National  Research  Development  Corporation  to 
assess  the  potential  of  this  vehicle  in  the  held  of 
civil  underwater  operations  with  a  view  to  com¬ 
mercial  exploitation  of  the  design. 
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PSEUDO-LOGARITHMIC  SCALES  FOR  ION 
CHAMBER  RADIATION  MEASURING  INSTRUMENTS 

B.  W.  Soole,  A.R.GS.,  Bile.,  D.I.G,  Ph.D.,  A.Inst.P.,  R.NJS.S. 
and  W.  F.  Jager,  GEng.,  M.I.E.R.E.,  R.N.SJS. 

Admiralty  Research  Laboratory 


SUMMARY 

The  measurement  of  a  wide  range  of  radiation 
exposure-rate  by  a  portable  instrument  may  conveniently 
be  done  by  a  combination  of  an  air-filled  ion  chamber 
with  air-equivalent  walls  and  an  electrometer  valve 
operated  with  its  grid  a  volt  or  two  negative  when, 
provided  that  the  ion  current  flows  into  the  grid,  the 
meter  indication  will  be  closely  proportional  to  the 
logarithm  of  the  exposure-rate  over  many  decades. 

To  provide  a  definite  meter  indication  in  the  absence 
of  radiation  a  small  standing  current  must  be  supplied 
to  the  electrometer.  This  will  reduce  the  time  of  response 
and,  if  sufficiently  accurately  defined,  may  also  be  used 
for  calibration. 

It  has  been  found  that  sufficiently  precise  currents 
may  be  more  satisfactorily  supplied  through  a  high  grid 
resistor  than  by  a  small  radioactive  source,  but  the 
presence  of  this  resistor,  by  providing  an  alternative 
path  for  the  ionization  current  modifies  the  logarithmic 
response.  The  resulting  pseudo-logarithmic  scale,  how¬ 
ever ,  may  be  derived  when  the  static  grid  characteristics 
of  the  electrometer  valve  are  known. 

Such  characteristics  have  been  determined  for  a 
Mallard  ME  1401  triode  electrometer  and  examples  of 
derived  pseudo-logarithmic  scales  are  given.  With 
appropriate  interpretation  they  may  also  be  used  for 
the  measurement  of  small  currents  of  any  other  origin. 


Introduction 

Ionization  currents  proportional  to  a  wide  range 
of  radiation  exposure-rates  are  conveniently  am¬ 
plified  by  feeding  them  to  the  control  grid  of 
an  electrometer  valve  operated  with  a  retarding 
field  between  cathode  and  grid  when,  as  a  result 
of  the  Maxwellian  distribution  of  velocities  among 
the  electrons  thermionically  emitted  from  the 
cathode 


T 
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where  eg  is  the  (negative)  potential  of  the  grid 
with  respect  to  the  cathode  in  volts, 
ig  is  the  corresponding  current  flowing  into 
the  grid, 

ig0  is  the  value  of  ig  when  eg  is  zero, 
and  T  is  the  absolute  temperature  of  the 
cathode, 

so  that  as  shown  by  Chao(1)  for  a  cathode 
temperature  of  1,000°K,  for  example,  eg  increases 
by  198mV  in  negative  magnitude  (producing 
corresponding  changes  in  the  anode  circuit)  for 
every  decade  decrease  of  ig  relative  to  ig0. 

If  an  uncertain  meter  indication  in  the  absence 
of  radiation  is  to  be  avoided  with  an  instrument 
having  such  a  logarithmic  response,  it  will  be 
necessary  to  provide  a  small  standing  current 
to  the  electrometer  grid.  Such  a  current  will  also 
reduce  the  response  time  of  the  instrument  and, 
if  defined  with  sufficient  accuracy,  may  be  used 
for  calibration. 

Although  Taylor(2)  showed  that  an  unvarying 
current  of  a  suitable  magnitude  may  easily  be 
produced  by  a  small  beta-active  source  within 
the  ion  chamber,  the  size  of  such  a  current  is  not 
only  difficult  to  adjust  in  the  first  instance  but, 
it  has  been  found,  is  very  dependent  in  practice 
upon  the  thickness  of  the  protective  layer 
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covering  the  radio-active  deposit,  so  that  reliable 
manufacture  with  the  necessary  accuracy  is 
difficult.  Consideration  has  therefore  been  given 
to  the  provision  of  a  standing  current  by  means 
of  a  leak  through  an  accurate  high  resistor  R  as 
shown  for  a  triode  in  Fig.  1,  where  Eb  represents 
a  source  of  variable  voltage  by  which  the  leakage 
current  may  initially  be  adjusted  to  the  correct 
value.  This  procedure  has  been  adopted  by 
Perry  and  Washtell(3),  Chao(1)  and  Luskow(*°. 

The  resistor  provides  however,  an  alternative 
path  for  the  ion  chamber  current  which  may  be 
ignored  only  so  long  as  R  is  large  compared 
with  the  grid -cathode  resistance  of  the  valve.  If 
this  is  not  so,  then  an  appreciable  fraction  of  the 
ion  current  will  by-pass  the  electrometer  and  the 
grid  potential  will  no  longer  be  proportional  to 
the  logarithm  of  the  ion  current,  but  to  the 
logarithm  of  only  a  part  and  possibly  of  a  variable 
part,  of  it. 

Thus  prediction  of  the  relationship  between  ion 
current  and  meter  indication  for  a  given  value 
of  R  can  only  be  made  when  the  grid-cathode 
resistance  of  the  valve  and  its  variation,  if  any, 
with  grid  current  ig  is  known.  As  shown  by 
Morant(5),  however,  the  operation  of  this  circuit 
is  complicated  by  the  generation  within  the  valve 
of  the  negative  e.m.f.  eg  which  must  be  added 
algebraically  to  the  potential  drop  resulting  from 
the  passage  of  grid  current  through  the  grid- 
cathode  space  to  give  the  measurable  grid-cathode 
potential  vg.  It  will  be  shown  however  that  if 
the  relationship  between  vg  and  ig  is  known,  then 
the  loss  of  ion  current  through  the  grid  resistor 
may  be  easily  calculated  from  a  knowledge  of  R 
and  Eb  without  a  separate  knowledge  of  either 
eg  or  of  the  grid-cathode  resistance. 
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If  the  relationship  between  vg  and  the  anode 
current  ia  is  also  known,  then  the  required  pseudo- 
logarithmic  relationship  between  the  ion  chamber 
current  and  the  anode-current  ia,  to  which  in  this 
example  the  instrument  meter  indication  is  taken 
to  be  proportional,  may  be  derived. 


Theoretical  Considerations 


Assuming  all  potentials  to  be  measured  with 
respect  to  the  earthed  side  of  the  filament  cathode 
(Fig.  1),  and  regarding  conventional  current  flow 
from  the  grid  to  cathode  within  the  valve  as 
positive,  then  in  the  absence  of  any  radiation- 
produced  current  from  the  ion  chamber, 


Eb  -  cp 

R  +  rp 


(2) 


where  rg  is  the  true  (positive)  grid-cathode  resis¬ 
tance  of  the  valve  under  operating  conditions.  (It 
is  assumed  that  the  insulation  resistance  of  the 
ion  chamber  is  infinite  and  that  therefore,  provided 
the  e.m.f.  of  the  battery  B  is  sufficient  to  produce 
saturation  it  does  not  otherwise  enter  into  the 
operation  of  the  circuit.)  Thus  there  will  be  no 
current  flow  when  Eb  and  eg  are  equal  both  in 
magnitude  and  in  (negative)  sign. 

When  positive  current  does  flow,  namely  when 
Eb  is  less  negative  than  cg,  zero  or  positive,  there 
will  be  a  potential  drop  across  the  resistances 
in  the  circuit,  so  that  the  potential  of  the  grid, 
vg,  will  not  then  be  equal  to  cg. 

We  have,  referring  to  the  leakage  resistor 


vg  =  Eb  -  igR  (3) 


and,  to  the  valve 


vg  eg~{~  igrg. 

From  either  (3)  or  (4)  and  (2)  we  have 


(4) 


(5) 


so  that  only  when  rg  is  negligible  compared  with 
R  will  vg  be  equal  to  eg;  otherwise,  when  Eb  is 
zero,  vg  will,  like  eg  be  negative,  but  smaller  in 
magnitude.  When  Eb  is  not  zero,  the  value  of 
vg  can  only  be  stated  when  Eb  is  known  as  well 
as  R,  rg  and  eg.  Since  both  eg  and  rg  will,  in 
general,  be  functions  of  ig,  then  by  (4)  so  will  vg. 
So  long  as  eg  is  negative  and  there  is  a  linear 
relation  between  eg  and  log  ig  (which  implies  that 
ig  remains  positive)  we  may  use  (1)  with  (4)  to 


give 

Vg  =  K  log  ig  +  C 

where 

T 

K  — 

5035 

and 

^  T 

C  -  hT*  5035 
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Thus  an  experimentally  observed  linear  relation 
between  vg  and  log  ig  not  only  enables  an  effective 
absolute  temperature  T  of  the  cathode  to  be 
determined,  but  shows  that,  in  order  to  maintain 
the  observed  constancy  of  C,  the  true  grid-cathode 
resistance  rg  must  vary  inversely  as  ig. 

An  effective  resistance  reff  between  grid  and 
cathode  may  be  defined  by  the  relation 

r.«  =  (7) 

which,  by  (4)  becomes 

reff  =  rg  + 

h 

Thus  the  effective  resistance  is  equal  to  the  true 
positive  resistance  plus  a  term  arising  from  the 
existence  of  the  e  mi.  generated  within  the  electro¬ 
meter  valve.  When  conventional  current  flows 
from  grid  to  cathode  within  the  valve,  as  con¬ 
sidered  here,  this  second  term  will  be  negative. 
Both  terms  and  therefore  the  effective  resistance 
will  be  functions  of  the  grid  current  ig. 

From  (2),  for  no  current  to  flow,  either  R  must 
be  infinite,  or  Eb  equal  in  magnitude  and  sign 
to  eg.  In  the  latter  case,  from  (3)  vg  must  then 
also  be  negative  and  equal  in  magnitude  to  eg. 
It  follows  from  (7)  that  reff  then  has  an  infinite 
negative  value.  As  current  begins  to  flow  into 
the  grid,  vg  is  observed  to  decrease  in  negative 
magnitude.  This  means  by  (7),  that  ig  being 
positive,  reff  also  decreases  in  negative  magnitude 
until,  when  vg  becomes  zero,  it  also  becomes  zero. 
With  a  further  increase  of  ig,  both  vg  and  ref f 
will  become  and  remain  positive. 

Although  considerable  data  supporting  the 
linear  relationship  between  vg  and  log  ig  exist 
for  thermionic  diodes  and  diode-connected 
mult igrid  valves  (Meagher  and  Bentley (6),Wade(7), 
Cox<K>,  Sikorsky(9))>  surprisingly  little  reliable 
quantitative  experimental  evidence  has  been  pub¬ 
lished  relating  to  a  triode  or  triode-connected 
tetrode  or  pentode.  Chao  shows  a  linear  relation 
for  values  of  what  is  stated  to  be  ig  extending  from 
10  13  A  to  lO10  A  for  the  triode  connected  Ray¬ 
theon  electrometer  tetrode  CK  5889  operated  with 
an  anode  potential  of  5*2  volts.  No  experimental 
details  are  given  although  it  appears  that  the 
small  currents  were  obtained  from  an  ion  chamber, 
but  the  same  symbol  is  used  for  ion  current  as  for 
grid  current  in  spite  of  the  presence  of  a  grid 
resistor.  Bishop(10)  shows  a  linear  relation  extend¬ 
ing  from  2  X  10  14  A  to  10  7A  also  for  the  CK 
5889  but  operated  with  feedback  to  the  screen 
grid  to  keep  the  anode  current  constant  at  10/aA 
as  recommended  by  Cox(8).  The  relation  however 
follows  from  an  assumption  of  the  constancy  of 
C  and  two  (only)  experimental  points  to  determine 
the  position  of  the  line. 


The  slopes  of  the  lines  shown  by  Chao  and  by 
Bishop  correspond  to  values  of  K  of  265  and  257 
mV  per  decade  of  ig  respectively  and  thus  to  an 
effective  filament  temperature  appreciably  higher 
than  1,000°K. 

The  importance  of  knowing  the  relationship 
between  vg  and  ig  arises  from  the  fact  that  the 
relationship  between  the  ion  current  I  and  ig 
may  then  be  determined  without  the  necessity  of 
knowing  also  the  values  of  eg  and  rg. 

Thus  if,  in  Fig.  1  a  current  I  flows  from  the 
ion  chamber,  then  the  current  passing  to  the  grid 
through  R  becomes  IR  where 


—  Ir  +  I. 

(8) 

Also,  then 

vg  =  Eb  -  IrR 

(9) 

hence 

I  .  Ei,  —  Vg 

8  R  ’ 

(10) 

and 

T  _  Eb  -  Vg 

1r  r 

(11) 

The  *  Ideal  ’  Pseudo- Logarithmic  Scale 

In  practice  to  avoid  loss  of  accuracy  at  the 
lower  end  of  the  measurement  range,  Eb  and  R 
should  be  chosen  to  give,  in  the  absence  of  any 
ion  current,  a  standing  current  I0  that  is  not  large 
compared  with  the  smallest  ion  current  to  be 
measured.  However,  the  difficulties  of  defining 
and  maintaining  the  value  of  E  with  sufficient 
precision  for  it  to  be  a  useful  calibrating  current 
increase  the  smaller  it  is.  A  suitable  compromise 
is  to  make  I0  exactly  equal  to  the  smallest  value 
of  I  that  it  is  required  to  measure,  a  proposal  that 
has  the  added  advantage  of  providing  a  simple 
definition  of  the  scale. 

Thus,  if  we  assume  that  it  is  required  to  measure 
n  decades  of  exposure-rate  from  D  to  10nD  R/h 
and  if  the  ion  chamber  sensitivity  is  S  amp  per 
R/h  then  the  corresponding  range  of  values  of 
I  will  be  from  SD  to  10‘SD. 

If  we  therefore  could  make  I0  equal  to  SD 
in  such  a  way  as  to  have  no  effect  upon  the 
passage  of  all  the  ion  current  into  the  electrometer 
grid,  that  is  in  such  a  way  as  to  ensure  that 
Eh  —  v 

(which,  as  IR,  is  equal  to  IG  when  1=0) 

R 


remained  constant  at  SD,  and  we  had  an 
accurately  logarithmic  relation  between  grid 
current  (which  would  then  be  equal  to  I  +  I0) 
and  meter  indication,  then  the  general  relationship 
between  the  inscription  on  the  scale  (0  R/h)  and 
the  graduation  (L)  on  the  conventional  logarithmic 
scale  against  which  the  inscription  is  made  would 
be  given  by 

Q  =  D.L  —  D 


where  1  <L  <  10n. 


Examples  of  this  relationship  are  shown  in 
Table  I. 


TABLE  I 


Logarithmic  Graduation 

Inscription  ( Rjh ) 

1 

O 

2 

D 

5 

4D 

10 

9D 

11 

10D 

10n-H 

10nD 

A  scale  marked  in  this  way  will  be  termed  an 
4  ideal  ’  pseudo-logarithmic  scale,  departures  from 
a  true  logarithmic  relationship  between  ion  current 
and  meter  indication  occurring  only  because  of 
the  presence  in  the  grid  current  of  a  constant 
component  (the  standing  current,  I0)  in  addition 
to  the  ion  current  I,  the  relationship  between  grid 
current  and  meter  indication  being  assumed  to 
be  logarithmic.  Such  an  ideal  scale  would  result 
with  the  same  assumption,  if  the  standing  current 
were  produced  by  a  small  beta-active  source. 


Non-ideal  Pseudo- logarithmic  Scales 

In  practice,  the  assumption  that  the  term 
Eb  —  v 

g  (that  is,  IR)  is  constant  with  variation 
K 

of  I  will  not  be  valid,  since  a  proportion  of  the 
ion  current  will  by-pass  the  electrometer  valve 
through  the  resistor  R  in  opposition  to  the  initial 
standing  value  I0,  that  is  SD,  of  IR,  (and  at  a 
sufficiently  high  value  of  I  will  reverse  the 
direction  of  the  net  current  through  R).  Moreover 
the  proportion  of  I  passing  through  R  will  not 
be  constant  in  view  of  the  variability  of  vg  with  ig. 

Thus  the  practical  pseudo-logarithmic  scale  will 
depart  from  the  logarithmic  form  not  only  because 
of  the  presence  of  a  priming  current  I0  as  a  con¬ 
stant  component  of  the  grid  current,  as  does  the 
ideal  pseudo-logarithmic  scale,  but  additionally 
because  of  a  variable  loss  of  ion  current  through 
the  grid  resistor. 

Futhermore  there  is  not  necessarily  an  accurate 
logarithmic  relation  between  grid  current  and 
meter  indication  even  if  there  is  between  grid 
current  and  grid  voltage.  If,  as  in  the  case  con¬ 
sidered,  the  meter  indication  is  accurately  propor¬ 
tional  to  the  electrometer  anode  current,  the 
assumption  requires  that  grid  voltage  and  anode 
current  be  linearly  related.  This  is  not  so,  the 
relation  for  a  triode  being 


/aSv 

a  +  Rl 


(12) 


where  ra  is  the  anode  slope-resistance  and 
Ri  is  the  anode  load  resistor. 
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Although  the  amplification  factor  p  is  constant 
as  ia  varies,  ra  decreases  as  ift”4,  so  that  the  anode 
current  increases  more  rapidly  as  the  grid  voltage 
increases  (or  decreases  in  negative  magnitude). 
This,  of  course  may  be  reduced  to  any  desired 
extent  by  increasing  the  anode  load  resistor  RL, 
provided  that  the  resulting  anode  current  is  large 
enough,  with  amplification  if  necessary,  to  operate 
the  indicating  meter. 

Thus  to  determine  the  practical  form  of  the 
pseudo-logarithmic  scale  it  is  necessary,  firstly,  to 
know  the  variation  of  vg  with  ig  so  that  ig  may 
be  evaluated  as  a  function  of  I  (10)  for  given 
values  of  Eb  and  R.  These  will  have  been  chosen 
to  give  a  standing  grid  current  I0,  in  the  absence 
of  any  ion  current,  equal  to  SD. 

We  have  from  (2)  and  (4) 

Eb  =  I0R  +  vg  (13) 

where  Io  is  written  for  a  value  of  iK  when  1=0. 

So,  if  I0  is  chosen  to  be  equal  to  SD,  then  when 
a  value  of  R  has  been  selected,  Eb  may  be  cal¬ 
culated  when  Vg  is  known  as  a  function  of  ig,  and 
thus  in  particular  for  a  value  of  ig  equal  to  SD. 

To  determine  the  meter  indication  assumed  to 
be  directly  proportional  to  the  anode  current  ia, 
it  will  be  necessary  to  determine  the  latter  also 
as  a  function  of  ig.  If  this  and  the  measurements 
of  the  vg  versus  ig  characteristics  are  made  at 
several  constant  anode  voltages  va,  that  is,  without 
any  appreciable  load  resistor  in  circuit,  then  the 
results  may  be  used  to  derive  similar  relationships 
with  an  anode  load  resistor  by  the  use  of  load 
lines  in  the  usual  way. 

Experimental  Procedure 

Preliminary  experiments  were  performed  with 
the  circuit  arrangement  shown  in  which,  with  a 
carefully  adjusted  value  of  I0  flowing  to  the  grid 
through  the  known  high  resistor  R  (1012  ohms), 
accurate  predetermined  values  of  I  were  pro¬ 
duced  in  the  ion  chamber  by  a  suitably  disposed 
radioactive  source.  The  resulting  values  of  current 
Ir  flowing  through  R  were  measured  using  a 
vibrating  reed  electrometer,  (Ekco,  Type  N616B) 
and  values  of  vg  were  calculated  from  (9).  A 
similar  method  appears  to  have  been  used  bv 
Chao. 

More  consistent  results  over  a  wider  range  of 
ig  however  were  obtained  with  a  greater  practical 
convenience  by  taking  advantage"  of  the  use  of 
negative  feed-back  in  the  vibrating  reed  electro¬ 
meter  when  connected  to  measure  ‘  ion  chamber  ’ 
current.  Under  these  conditions,  when  a  source 
of  potential  Eb  was  applied  to  the  grid  of  the 
electrometer  under  test  (Milliard  ME  1401) 
through  the  input  resistor  of  the  vibrating  reed 
electrometer,  the  effective  value  of  this  resistance 
in  the  grid  circuit  of  the  ME  1401,  because  of 
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feed-back,  was  rendered  negligible  compared  with 
the  valve’s  internal  resistance  between  grid  and 
cathode.  That  this  was  so  was  verified  on  each 
range  of  measurement  by  momentarily  shorting 
this  input  resistor,  when  no  resultant  change  was 
ever  observable  in  the  anode  current  of  the  ME 
1401. 

With  this  arrangement,  it  follows  from  (9)  with 
R  zero  that  vg  =  Eb.  Thus  by  directly  measuring 
the  potential  required  to  produce  the  measured 
grid  current  the  relationship  between  grid  potential 
vg  and  grid  current  iK  with  the  valve  operating  with 
a  constant  filament  current  and  at  a  known  anode 
potential  was  determined. 

Throughout  the  series  of  measurements  the 
electrometer  was  kept  enclosed  in  a  metal  can  so 
that  spurious  photo-currents  arising  from  ex¬ 
ternal  illumination  were  eliminated.  Anode  and 
grid  currents  were  fed  through  P.T.F.E.  insulated 
connectors  and  short  lengths  of  polythene-insulated 
coaxial  cable.  A  Solartron  Transistor  Power  Unit 
Type  AS  140  supplied  filament  current  at  an  un¬ 
interrupted  13mA±:0-05o/o,  and  a  similar  AS140 
provided  the  anode  supply  potential  through  a 
microammeter  of  negligible  load.  The  source  of 
potential  Eb  was  provided  from  a  regulated  supply 
and  standardized  potentiometrically  against  a 
standard  cell. 


FIS.  2.  Observed  grid  current  and  potentials 
of  the  ME  1401  triode. 

Results 

The  experimentally  determined  variations  of 
Vg,  reff  and  ia  with  ig  for  several  anode  potentials 
are  shown  in  Figs.  2,  3  and  4  respectively. 

The  slope  K  of  the  vg  versus  log  ig  characteristic 
increases  slightly  with  anode  potential  over  its 
linear  range  (ig  =  c.10  13  —  10'fiA  or  more). 
Values  are  given  in  Table  II  for  comparison  with 
the  previously  quoted  values  given  by  Chao  and 
Bishop  for  the  CK  5889.  Agreement  is  seen  to 
be  close. 


TABLE  II 


Va 

K 

4V 

233  mV 

5 

241 

6 

249 

7 

255 

8 

255 

(At 

io‘14  to*11  to* 11  IO*11  lO~'°  to'9  io‘*  .o"7 


FIS.  3.  Grid  currents  and  effective  grid-cathode 
resistance. 


Derivation  of  Practical  Pseudo-Logarithmic 
Scales 

In  all  cases  a  value  of  6  00  X  10~13A  has  been 
taken  for  SD  corresponding,  for  example,  to  the 
exposure  of  an  air-filled  ion  chamber  with  air- 


equivalent  walls  and  a  volume  of  about  60  cm3 
to  an  exposure-rate  of  01  R/h  (S  =  6  0  X  10~12A 
per  R/h). 

For  this  value  of  standing  current  I0,  initially 
constituting  the  grid  current  ig,  values  of  vg  have 
been  read  from  each  of  the  curves  of  Fig.  2. 
The  battery  voltages  Eb  required  to  provide  this 
current  in  the  absence  of  any  ion  current  I  through 
various  values  of  high  resistor  derived  from  (13) 
are  shown  in  Table  III. 


TABLE  III 

Values  of  Eh  (volts)  to  give  la  =  6  00XI0'13A  (from  13) 


R 

1  va=4 

5 

6 

7 

8 

1010 

-1*124 

-  1*061 

-0-986 

-0922 

-0861 

1011 

-1070 

-1*007 

-0932 

-0868 

-0  807 

1012 

-0*530 

-0467 

-0*392 

-0328 

-0-267 

1013 

4*870 

4*933 

5  008 

5072 

5  133 

1014 

58*870 

58*933 

59008 

59072 

59133 

FIG.  5.  Example  of  anode  current  variation  with 
ion  chamber  current  with  a  standing  current 
l0  of  6  00  X  \01SA. 
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These  values  of  Eb  with  the  corresponding  values 
of  R  have  been  substituted  in  (10)  together  with 
pairs  of  values  of  vK  and  iK  from  Fig.  2  to  deter¬ 
mine  corresponding  values  of  the  ion  current  I. 
The  relationship  between  these  and  values  of  ia 
corresponding  to  the  same  values  of  ig  (Fig.  4) 
are  shown  for  an  anode  potential  of  4V,  in  Fig.  5. 

It  will  be  seen  that  a  reduction  of  the  grid  leak¬ 
age  resistor  below  !012  ohms  allows  a  high  and 
increasing  proportion  of  the  smaller  ion  currents 
to  by-pass  the  electrometer,  so  that  the  response 
to  currents  of  1013  — 10  10A  is  seriously  reduced, 
and  this  is  found  also  to  be  true  of  the  results 
obtained  with  the  other  anode  voltages. 

Although  resistors  of  more  than  1012  ohms 
reduce  the  proportion  of  an  ion  current  that  by¬ 
passes  the  valve  still  further,  the  extra  reduction 
is  too  small  to  be  distinguished  in  the  figure,  and, 
within  the  range  of  the  variables  indicated,  the 
effect  of  such  resistors  may  be  taken  without 
appreciable  error,  to  be  equal  to  that  of  a  resistor 
of  1012  ohms  and  again  this  is  found  to  be  true 
with  all  the  other  anode  voltages. 

In  practice,  the  presence  of  an  anode  load  of 
resistance  RL  will  cause  the  anode  potential  to 
fall  with  increase  of  anode  current  and  the 
behaviour  of  the  circuit  must  be  determined  by 
drawing  the  appropriate  load  line  on  an  anode 
voltage-current  plot  in  the  usual  way.  As  an 
example,  ia  versus  va  curves  were  drawn  for  1=0, 
6  X  10  13A  and  four  ten-fold  multiples  of 
6  X  10  13A  for  values  of  R>1012L>  using  data 
from  the  upper  curves  of  Fig.  5  and  similar  figures 
with  va  =  5,  6,  7  and  8V.  Results  derived  from 
three  load  lines  corresponding  to  RL  values  of  2, 
10  and  50k<}  drawn  through  the  point  (1=6  X 
10  "A,  va=4V,  ia  =  78*0  /*A)  are  shown  in  Fig.  6, 
where  100%Aia  corresponds  to  the  increase  upon 
exposure  to  103  R  /h  (1  =  6  X  10  9A)  of  the  anode 
current  above  the  level  with  only  the  grid  standing 
current  of  6*0  X  10  13A  (58*2,  55*6,  45*8  and 
22*5/xA  with  R,  =0,  2,  10  and  50  kQ  respectively). 
The  corresponding  indications  of  an  ‘ideal'  pseudo- 
logarithmic  scale  (Table  I)  and  an  accurately  log¬ 
arithmic  scale  (with  a  zero  reading  for  0’1  R/h 
and  of  minus  infinity  for  zero  radiation)  are  shown 
for  comparison. 

It  will  be  seen  that,  as  expected,  an  increase  in 
the  value  of  the  load  resistor  reduces  the  relative 
insensitivity  of  the  electrometer  to  the  smaller  ion 
currents.  The  effect  is  progressive,  but  by  compar¬ 
ison  with  the  ‘  ideal  ’  scale  which  makes  no  allow¬ 
ance  for  any  loss  of  ion  current  through  the  resistor 
it  can  be  seen  that  there  is  little  room  for  improve¬ 
ment  in  log-linearity  by  the  use  of  a  load  resistor 
greater  than  about  50,000  ohms.  This  is  found  also 
to  be  true  with  anode  voltages  up  to  6V  (at  higher 
values  of  va,  ia  rises  above  the  safe  limit  of  250/zA 
when  1  =  6  X  10  9  A). 


FIG.  6.  Pseudo-logarithmic  scales. 
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Intercomparison  of  the  results  obtained  with  the 
various  values  of  va  shows  that  with  the  highest 
value  of  load  resistor  the  shape  of  the  scale  is  less 
dependent  upon  the  anode  potential.  When  oper¬ 
ated  at  the  lower  anode  voltages  the  responses  are 
more  sensitive  to  the  value  of  the  load  resistor.  At 
the  higher  anode  potentials  however,  the  scale  indi¬ 
cations  for  the  higher  value  of  load  resistor  show 
an  upward  deviation  at  the  centre  of  the  range 
slightly  beyond  the  value  of  the  ‘ideal’  pseudo- 
logarithmic  scale.  This  is  the  result  of  a  simul¬ 
taneous  increase  in  slope  and  in  separation  of  the 
ia  versus  va  curves  as  the  anode  potential  is 
increased. 

Conclusions 

It  has  been  shown  that  when  a  small  standing 
current  is  supplied  by  a  source  of  e.m.f.  acting 
through  a  high  resistor  to  the  grid  of  an  ME  1401 
triode  electrometer  valve  also  connected  to  an  ion 
chamber  so  that  when  the  electrometer  is  operated 
in  the  logarithmic  mode  it  can  easily  be  made  to 
reproduce  any  reasonable  indication  in  the  absence 
of  radiation,  the  response  to  ion  current  departs 
from  the  truly  logarithmic  over  the  lower  decades 
not  only  because  the  standing  current  is  necessarily 
then  an  appreciable  part  of  the  grid  current,  but 
because  the  increase  in  the  effective  internal  resist¬ 
ance  between  grid  and  cathode  of  the  valve  as  the 
grid  current  is  reduced  causes  an  increasing  pro¬ 
portion  of  the  ion  current  to  leak  through  the  high 
resistor.  It  is  shown  as  an  example,  that  when  the 
smallest  ion  currents  to  be  measured  are  about 
6’0  X  10  13A,  the  leakage  may  be  reduced  to  the 
maximum  practicable  degree  by  a  high  resistor 
value  of  1012  ohms  or  more.  The  relative  sensitivity 
of  the  electrometer  to  the  smaller  ion  currents  may 
be  increased  by  the  insertion  of  an  anode  load 
resistor,  though  there  is  little  advantage  in  increas¬ 
ing  this  above  50,000C2  with  an  anode  potential  of 
6  volts  or  less. 

Relationships  between  anode  current  and  ion 
current  for  other  values  of  standing  current  may 
be  derived  in  the  same  way  from  the  data  pre¬ 
sented. 

Pseudo-logarithmic  scales  may  be  similarly 
derived  for  triode-connected  electrometer  tetrodes 
and  pentodes,  but  when  these  valves  are  operated 


with  feed-back  to  the  screen  holding  the  anode 
current  constant  (Cox(8>,  Cox  and  Walkernl), 
Perry  and  Washtell(3>,  Bishop  d<>)),  then  a  knowledge 
of  the  variation  of  screen  potential  (at  constant 
anode  current)  must  replace  that  of  the  anode 
current. 
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1  OLMEDA  '  and  'BRITANNIA'  on  passage  to  Gibraltar,  April  1968 


RFA  Olmeda ,  together  with  her  sister  ships  RFA 
Olwen  and  Olna ,  is  the  largest  and  fastest  vessel  to  join 
the  Royal  Fleet  Auxiliary  Service  and  as  a  fast 
replenishment  tanker,  has  become  an  important  part  of 
the  Royal  Navy's  “life-line  at  sea".  She  was  designed 
to  replenish  fighting  ships  with  Fuel  and  Stores  while 
steaming  at  speed 

The  ship  was  built  and  commissioned  October  1965 
as  RFA  Oleander . 

Her  name  was  changed  to  RFA  Olmeda  in  October 
1967  because  of  confusion  arising  with  the  frigate,  HMS 
Leander  She  is  the  first  ship  in  the  Royal  Fleet  Auxiliary 
Service  to  bear  the  name  Olmeda. 

With  a  length  of  648  feet  and  a  displacement  of 
33,280  tons,  the  ship  has  sophisticated  machinery 
systems  installed,  equipped  with  modern  forms  of 
automatic  and  remote  control.  All  manoeuvring  is  under 
direct  control  from  the  bridge,  and  centralised  remote 
control  of  the  cargo  handling  gear  is  provided.  An 
automatic  data  logging  system  is  installed  in  the  main 
machinery  control  room.  She  has  a  horse  power  in 
excess  of  26,000. 

A  feature  of  the  ship  is  the  helicopter  landing  deck 
which  enables  her  to  carry  and  operate  three  helicopters 
and  to  fuel  helicopters  carried  by  other  ships.  The 
aircraft  are  used  for  the  transfer  of  light  stores  between 
ships  and  for  training  purposes. 

Supplying  the  Fleet  is  a  task  as  old  as  the  Royal  Navy 
itself.  Ships  laden  with  stores  and  known  as  “pinks” 


accompanied  the  squadrons  of  Drake  and  Frobisher 
to  distant  waters.  Supplies  of  beer  and  bullocks  were 
carried  from  Plymouth  to  forest  during  Hawke’s  siege 
of  1759.  During  Nelson's  Mediterranean  campaigns, 
stores  were  brought  to  his  ships  by  sea  from  Gibraltar. 
It  was  not,  however,  until  steam  replaced  sail  as  a 
means  of  propulsion  that  the  Royal  Fleet  Auxiliary 
Service  was  formed 

The  RFA  was  a  product  of  the  days  of  eoal-burning 
ships.  It  was  officially  constituted  by  Royal  Charter  in 
1911.  At  first  it  was  mainly  a  coal  bunkering  and  stores 
carrying  service,  but  as  oil-burning  warships  replaced 
eoal-burning  vessels  before  and  during  World  War  I,  it 
was  adapted  to  cater  for  this  new  need  by  the  building 
of  a  tanker  fleet  From  that  time  it  grew  rapidly  and  in 
World  War  II  its  ships  served  in  every  navai  theatre 
of  operations  from  the  Arctic  to  the  Pacific. 

The  ships  of  the  RFA  Service,  although  working  in 
close  liaison  with  the  Royal  Navy,  have  always  been 
manned  by  officers  and  Ratings  of  the  Merchant  Navy 
who  sail  under  the  Blue  Ensign 

From  eight  ships  at  the  outbreak  of  World  War  I, 
the  Service  today  is  comprised  of  about  4,000  Officers 
and  men  and  some  42  specially  equipped  ships,  including 
fast  replenishment  ships,  large  2nd  line  tankers,  stores 
support  ships,  fast  cargo  vessels  and  a  helicopter  support 
ship  designed  specially  for  the  training  of  RN  helicopter 
crews. 
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RETIREMENT 


W.  R.  JAMES,  R.N.S.S. 


Mr.  W.  R.  James,  Chief  Draughtsman,  AU.WE., 
retired  on  17th  June,  1968,  after  44  years  continuous 
service  with  the  Admiralty. 

Entering  Pembroke  Dockyard  as  an  Engine  Fitter 
Apprentice  in  1924,  he  transferred  to  Portsmouth  when 
Pembroke  Yard  closed  in  1926.  His  drawing  office 
career  began  in  1934  when  he  entered  the  Torpedo 
Tube  Design  Office  at  Portsmouth;  he  has  been  engaged 
on  weapon  discharge  problems  ever  since,  serving  at 
Portsmouth,  West  Howe  and  Portland 

The  Director,  presenting  Mr.  James  with  a  silver 
condiment  set  made  reference  to  his  long  service  and 
the  valuable  and  responsible  work  that  he  had  done, 
also  to  his  varied  leisure  interests.  Mr.  James,  in  reply 
paid  tribute  to  the  assistance  he  had  received  from  his 
colleagues  and  mentioned  the  pride  he  had  felt  in  being 
a  member  of  the  U.L.E.  at  West  Howe  prior  to  joining 
A.U.W.E.  at  Portland. 

His  many  friends  and  colleagues  wish  Reuben  James 
a  long  and  happy  retirement.  Most  of  them  have  the 
conviction  that  the  majority  of  his  hours  of  retirement 
will  be  spent  in  his  well  loved  garden. 


t  t  t 


OBITUARY 

A.  C.  TREVETT,  B.Sc.t  M.I.E.E.,  R.N.S.S. 

Mr.  Trevett  died  on  30th  April,  1968  after  a  long 
illness.  Having  completed  24  years,  he  had  retired  from 
the  Admiralty  service  in  October  1967  when  he  was 
serving  at  A.U.W.E. 

He  was  educated  at  the  Brighton  Municipal  Technical 
College,  where  he  obtained  an  external  B. Sc., (London) 
degree  with  second  class  honours  in  Electrical 
Engineering. 

After  serving  a  four  year  graduate  apprenticeship  with 
Metropolitan  Vickers  at  Manchester,  Mr.  Trevett  joined 
COSMOS  Valve  Manufacturing  Company  at  Edmonton 
as  a  Development  Engineer,  where  he  was  concerned 
with  the  layout  of  special  machine  tools  for  making 
thermionic  valves  and  the  day  to  day  running  of  the 
factory. 

In  1943  he  joined  the  Admiralty  service  at  the  Mine 
Design  Department  at  Leigh  Park,  Havant  as  a  Tem¬ 
porary  Technical  Officer.  In  1946  Mr.  Trevett  was 
assimilated  into  the  RN.S.S.  as  a  Senior  Scientific 
Officer  and  was  promoted  to  P.S  O.  in  1947.  During 
the  whole  of  his  service  he  was  closely  concerned 
with  R.  and  D.  work  on  mines  and  mine  counter¬ 
measures  problems. 

His  hobbies  included  doing  up  old  cars  at  which 
he  was  quite  adept. 

He  leaves  a  widow  and  two  sons  to  whom  we  offer 
our  deepest  sympathy  at  their  sad  loss. 


F.  E.  MITTINS,  R.N.S.S. 

His  many  friends  and  colleagues  in  A5.W.E.  and  in 
the  RN.S.S.  were  deeply  shocked  by  the  sudden  death 
of  Frank  (Ginger)  Mittins  on  the  4th  June,  1968  at 
the  early  age  of  50. 

As  a  young  man  he  had  been  apprenticed  to  the 
Great  Western  Railway,  Swindon,  as  a  Pattern  Maker. 
He  had  subsequently  acquired  a  very  thorough  and 
widespread  knowledge  of  foundry  work,  and  it  is  in  this 
field  that  he  made  his  mark  with  the  R.N.S.S. 

He  joined  the  Mine  Design  Department,  H.M.S. 
Vernon  in  1939.  When  Vernon  was  bombed,  he  earned 
a  commendation  for  rescue  work  as  an  Air  Raid 
Warden.  Later  he  was  transferred  to  U.C.WE.  West 
Leigh  finally  joining  A  S  R  E./A.S.W.E  during  the 
‘Way  Ahead  ’  in  1959.  At  the  time  of  his  death  he  was 
in  charge  of  A.S.W.E’s  pattern  making  and  foundry 
departments  and  of  the  workshops  of  the  Establishments 
extensions. 

He  was  a  gifted  craftsman  with  much  artistic  talent, 
and  a  generous  man  who  devoted  a  lot  of  his  time  to 
helping  the  less  fortunate  around  him.  In  particular 
he  will  be  missed  by  the  Spastic  children  in  Portsmouth 
for  whom  he  devised  and  made  many  ingenious  aids 
to  lessen  their  handicaps. 

He  leaves  a  widow,  who  was  also  formerly  at 
U.C.W.E.,  and  a  son. 


CORRESPONDENCE 

To:  The  Editor 

Journal  of  t he  Royal  Naval  Scientific  Service. 

Dear  Sir, 

I  have  read  Mr.  F.  E.  Birbeck’s  article  in  the  May 
Journal  on  a  Gallium  Arsenide  Array  for  communica¬ 
tions  with  great  interest  and  some  trepidation.  I  venture 
to  offer  the  following  comments: 

(a)  Mr.  Birbeck  states  that  it  is  not  easily  subjected 
to  tapping.  But  what  is  to  prevent  “  the  enemy  ” 
from  having  a  suitable  silicon  P-I-N  photo-diode 
to  deteet  our  signals  ? 

(b)  The  system  is  to  cover  only  3°  in  elevation.  This 
means  that  the  capsule  must  be  stabilized,  other¬ 
wise  signals  will  be  lost  in  very  small  angles 
of  roll.  This  means  a  considerable  increase  in 
bulk  weight  and  cost. 

(c)  I  sec  that  re-assembly  of  the  Capsule  must  be 
carried  out  in  clean,  dry  air.  This  is  a  commodity 
that  H.M.  Ships  did  not  have  in  my  day.  Do 
they  have  it  now  ? 

It  would  be  interesting  to  know'  if  the  laser  beam 
can  be  used  as  a  carrier  for  Voice,  or  whether  one 
would  be  limited  to  Morse. 

Yours  faithfully, 

J,  H.  Gretton,  Commander  R  N.(Retd.) 

Department  of  Naval  Physical  Research 

To:  The  Editor 

Journal  of  the  Royal  Naval  Scientific  Service. 
Dear  Sir, 

I  have  read  Cdr.  Gretton’s  letter  with  interest  and  I 
should  like  to  make  the  following  observations  in 
reply. 

In  the  first  place  the  system  would  not  be  subject  to 
tapping  in  the  same  way  as  radio,  because  the  laser 
transmitter,  like  the  normal  signalling  lamp  has  a  clearly 
defined  transmission  solid  angle  which  is  limited  to 
visible  range. 

The  second  question  on  stability  has  been  covered 
in  separate  studies.  These  show  that  a  simple  damped 
gimbal  system  could  accommodate  the  transmitter  and 
its  associated  receiver,  not  described  in  the  paper.  The 
whole  unit  would  be  about  18  inches  in  diameter  and 
24  inehes  high. 

A  supply  of  clean  dry  air  for  reassembly  after  repair 
would  be  readily  available  by  tapping  the  source  which 
supplies  the  cooler  in  the  transmitter.  However  one 
would  almost  certainly  conform  with  modern  practice 
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and  change  the  complete  laser  unit  in  the  same  way 
as  one  would  change  a  conventional  light  source. 

It  is  certainly  possible  to  use  the  laser  system  for 
telephony  as  well  as  telegraphy  In  this  case  one  would 
reduce  the  pulse  length  to  accommodate  the  higher 
pulse  repetition  frequency  required,  without  any  ex¬ 
cessive  increase  in  the  mean  power.  A  study  of  this 
mode  of  operation  shows  that  the  nett  effect  would 
be  to  reduce  the  maximum  range  by  about  50%. 

Yours  faithfully. 

F.  E.  Birbeck 

Services  Electronics  Research  Laboratory 


To:  The  Editor 

Journal  of  the  Royal  Naval  Scientific  Service. 
Dear  Sir, 

In  Mr  Brian  Spencer's  interesting  review  of  the 
development  of  the  submarine  (J  R.N.S.S.,  23,  3  (May 
1058))  he  implies  that  “difficulties  with  the  Walter 
turbine  ”  resulted  in  no  further  applications  after  the 
German  Type  XVII.  1  am  surprised  that  he  does  not 
refer  to  H.M  S./Ms  Explorer  and  Excalibur,  which 
successfully  exploited  this  design  of  propulsion  plant 
and  which  briefly  in  the  1950s  held  the  underwater 
speed  record  (for  endurances  of  hours  rather  than 
minutes  or  days).  It  is  a  matter  of  history  that  the 

R. N.  decided  to  equip  itself  with  Rolls  Royces  rather 
than  Minis  in  the  submarine  field,  but  designers  of 
nuclear  submarine  steam  machinery  should  spare  more 
than  a  passing  thought  for  these  boats,  where  14.000 

S. HP.  steam  turbine  machinery,  including  “reactor’', 
was  installed  in  a  15ft.  6in.  diameter  hull  with  a 
machinery  compartment  length  of  42ft  6in 

Mr.  Spencer  implies  that  the  schnorkel  was  a  German 
development,  whereas  of  course  the  credit  should  go 
to  the  Royal  Netherlands  Navy.  The  Dutch  have  always 
been  pioneers  in  underwater  warfare,  since  the  seven¬ 
teenth  century,  when  Ben  Jonson  reported  in  “  The 
Staple  of  News  ”: 

“  They  say  here,  that  one  Corneliusson 
Hath  made  the  Hollanders  an  invisible  eel 
To  swim  the  haven  at  Dunkirk,  and  sink 
The  shipping  there  . 

Tis  an  automata,  runs  under  water 
With  a  snug  nose,  and  hath  a  nimble  tail 
Made  like  an  augur,  with  which  tail  she  wriggles 
Between  the  costs  of  a  ship,  and  sinks  it  straight  ” 

Yours  faithfully. 

E.  J.  Maenair 
Ship  Department 
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Admiralty  Materials  Laboratory 

Mr.  D  A.  Fanner  transferred  to  D.M.R  (N)  on  pro¬ 
motion  to  S.P.S.O.  on  2nd  September,  whilst  Mr.  D.  W. 
Butcher,  S.S.O.,  left  with  permission  on  29th  July,  19b8, 
to  take  up  a  lectureship  in  Australia 

Mr.  R.  Hillman,  E.O.,  transferred  to  A.U.W.E.  on 
16th  September  and  Miss  B  E.  J.  Spreadborough,  E  O., 
left  with  permission  on  17th  September,  1968,  to  take 
up  teaching. 

Miss  J.  M.  Baker,  E  O.,  retired  on  31st  July.  1968. 
after  23 J  years’  serviee.  She  joined  T.E.E.  in  1945  and 
moved  to  N.C.R  E  in  1949,  Owing  to  a  desire  for  a 
change  from  laboratory  work  she  was  given  a  short 
course  of  library  training  in  1952  and  was  then  trans¬ 
ferred  to  A.M.L.  where  she  took  charge  of  the  library 
organisation  Miss  Baker  was  presented  with  a  cheque 
by  Dr.  T.  C.  J.  Ovcnston  on  behalf  of  her  colleagues, 
with  their  best  wishes  for  a  happy  retirement  Miss  E. 
Briggs,  A.E.O.,  has  joined  A.M.L.  from  N.S.T.I.C.  from 
15th  July,  1968,  to  take  eharge  of  the  library  following 
Miss  Baker’s  retirement. 

Dr.  C.  A.  Parker  is  the  author  of  a  text  book  entitled 
“  Photoluminescence  of  Solutions  ”  which  was  published 
by  Elsevier  Publishing  Co.  in  July,  1968 

Dr.  D.  J.  Godfrey  attended  a  spring  eourse  organised 
by  the  Metals  and  Metallurgy  Trust  of  the  Institute  of 
Metals  and  Institution  of  Metallurgists,  where  he 
presented  a  paper  on  “The  Use  of  Ceramics  in  High 
Temperature  Engineering”. 

Dr.  R  H.  Warren  visited  the  U.S.  in  July,  1968,  in 
connection  with  his  work  as  Secretary  of  D  M  R  (N)’s 
Materials  Defect  Evaluation  Working  Party.  He  visited 
several  U.S.  naval  and  industrial  organisations  and 
discussed  the  evaluation  of  defects  in  materials  and 
structures. 

Mr.  J  A.  Wyatt  visited  Den  Helder  at  the  invitation 
of  the  Royal  Netherlands  Navy  in  June,  1968,  to  attend 
a  symposium  on  boiler  problems,  where  he  read  a  paper 
on  “  Chemical  Cleaning  of  Boilers  —  R.N.  Experience  ”. 

A  paper  entitled  “  Phosphorescence  of  Benzophenone 
in  Fluid  Solution  ”  by  C.  A.  Parker  and  Thelma  A.  Joyce 
was  published  in  Chemical  Communications,  1968, 
p.  749. 

£  £  i 

Admiralty  Surfaec  Weapons  Establishment 

At  a  discussion  at  the  Institution  of  Electrical 
Engineers  at  Savoy  Place  on  the  16th  May  on 
“  Frequency  Scanning  Antennas  ”,  papers  were  read  by: 

Dr.  J.  Croney  (A.S.W.E.) 

Mr.  M.  F.  Radford  (Marconi  Company),  and 

Mr.  G.  A.  Hockham  (Standard  Telephone  Laboratory). 
The  work  described  by  the  Marconi  Company  was 


supported  by  A.S.W.E.  The  diseussion  was  reported  in 
IEE  News  of  17th  June. 

At  the  14th  Annual  Tri-Service  Radar  Symposium 
(Fort  Monmouth,  U.S.A.)  two  papers  were  presented  by 
A.S.W.E.: 

“  Land  and  Precipitation  Clutter  Measurements  at 
C-Band  ”,  by  Mr.  A.  Reiss,  Dr.  W.  Whitloek  and  Mr 
M.  Smith,  and 

“  Some  Effects  of  Radar  Polarization  in  Sea  Clutter 
Suppression  Techniques”,  by  Dr.  J  Croney  and  Mr. 
A.  Woroncow. 

At  the  Symposium  on  “  Electromagnetic  Windows  ” 
held  at  Georgia  Institute  of  Technology,  Atlanta,  U.S.A., 
a  new  type  of  radome  was  described  by  Mr.  W.  D. 
Delany  (A.S.W.E.)  in  a  paper  entitled  “A  Strut 
Reinforced  Single  Skin  Spherieal  Radome  ”. 

At  the  10th  IEEE  Symposium  on  “  Eleetromagnetie 
Compatibility”  held  at  Seattle.  U.S.A.  in  July  1968  an 
international  session  was  included  for  the  first  time. 
Mr.  H.  Salt  (A.S.W.E.)  presented  a  paper  entitled  “  The 
Surface  Transfer  Impedance  of  Coaxial  Cables  ”,  and 
this  was  subsequently  judged  to  be  the  most  outstanding 
paper  in  the  International  Session,  and  reecived  a 
symposium  award. 

The  Admiralty  Board  has  approved  the  award  of 
£500  each  to  Messrs.  D.  H.  O  Hidcr  and  T.  A.  Tugwood 
in  respect  of  their  work  on  segmented  and  differential 
slip-ring  units.  Mr.  Hider  is  now  serving  as  Seientifie 
Adviser  (Underwater)  to  the  British  Navy  Staff, 
Washington  and  Mr.  Tugwood  is  currently  serving  at 
A.S.W.E. 

Mr.  L.  F  Jones,  one  of  the  establishment’s  Senior 
Draughtsmen,  has  been  granted  permission  to  complete 
his  application  for  a  patent  in  respeet  of  an  ingenious 
new  rotary  diesel  engine  whieh  he  has  conceived.  A 
small  model  has  been  constructed  and  adequately 
demonstrates  the  principle. 

Recent  visitors  to  the  establishment  have  included  the 
Controller  of  the  Navy  and  the  Director  General 
Weapons  (Naval). 

£  £  £ 

Naval  Construction  Research  Establishment 

It  is  with  pride,  tinged  with  regret,  that  we  record  the 
resignation  of  Dr.  James  Lawrence  King  from  the  post 
of  Chief  Scientist  at  the  Naval  Construction  Research 
Establishment.  Dr.  King  has  left  to  take  up  the 
appointment  of  Regius  Professor  of  Meehanical 
Engineering  at  Edinburgh  University. 

Dr.  King  graduated  B  A.  (with  distinction  in  Part  3) 
at  Jesus  College,  Cambridge,  in  1942.  In  1948  -  51  and 
1952  -  53  he  attended  Imperial  College,  London,  as  a 
part-time  student  in  Applied  Mathematics.  At  the  end 
of  this  higher  course  of  study  he  attained  the  degree  of 
Ph.D.;  his  thesis  was  entitled  “  Motion  of  an  Elastie 
String  ”. 

Dr.  King  first  joined  the  Admiralty  during  the  war 
as  a  Temporary  Experimental  Officer  in  August.  1942 
and.  after  the  cessation  of  hostilities  he  quickly  rose 
through  the  ranks  of  Scientific  Officer,  Senior  Scientific 
Officer  and  Principal  Scientific  Officer  to  become  a 
Speeial  Merit  Senior  Principal  Scientific  Officer  in  July, 
1955.  In  January,  1961,  he  was  promoted  to  the  rank 
of  Deputy  Chief  Scientific  Officer  when  he  became  the 
Chief  Scientist  at  N.C.R  E. 

During*  Dr.  King’s  term  as  Chief  Scientist  the 
Establishment  has  flourished  and  has  undoubtedly 
obtained  a  reputation  for  integrity  of  scientific  thought 
and  achievement.  Dr.  King’s  benign  personality  and  his 
ability  to  rcaeh  the  hub  of  any  problem  presented  to 
him  and  suggest  a  logical  method  of  attack  and 
solution,  will  be  missed.  We  wish  him  every  sueeess 
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in  his  new  appointment  where,  doubtless,  the  same 

qualities  he  exhibited  in  the  Naval  service,  will  result 
in  an  outflow  of  well-tutored  acceptable  students, 

possibly  inculcated  with  a  desire  to  join  the  Royal 
Naval  Scientific  Service. 

4  4  4 

H.M.S.  Exmouth 

H.M.S.  Exmouth,  the  first  major  warship  in  the  West 
to  be  propelled  entirely  by  gas  turbine  engines, 

commissioned  at  Chatham  Dockyard  at  11.30  a.m.  on 
Saturday  20th  July. 

The  service  was  conducted  by  the  Chaplain  of  the 
Fleet,  the  Vcn  Archdeacon  C.  Prior,  the  Roman 
Catholic  Chaplain  Medway  Sub-Command,  the  Rev. 
J.  Dooley,  and  the  Officiating  Minister  of  the  Church 
of  Scotland  and  Free  Churches,  the  Rev.  D.  C.  Lapworth. 

The  ceremony  was  attended  by  Vice  Admiral 


W.  J.  Parker,  Flag  Officer  Medway,  and  afterwards  the 
families  of  the  Ship’s  Company  were  entertained  to 
lunch  on  board  the  ship. 

A  frigate  of  the  “  Blackwood  ”  class,  H.M.S.  Exmouth 
was  built  by  J  Samuel  White  and  Co.  Ltd  at  Cowes 
and  completed  in  1957.  After  service  with  the  3rd 
Submarine  Squadron  as  a  target  ship,  and  then  the 
Fishery  Protection  Squadron,  she  started  a  major 
conversion  programme  at  Chatham  in  1966  to  an  all 
gas-turbine  powered  ship.  The  aim  was  to  produce  a 
working  test  bed  for  the  next  generation  of  warships 
and  to  produce  a  gas  turbine  ship  which  could  be 
compared  with  similar  ships  with  conventional  power 
plants.  She  is  now  fitted  with  two  Rolls  Royce  Proteus 
engines  for  cruising  and  a  Rolls  Royce  Olympus  engine 
for  full  power. 

HALS.  Exmouth  is  at  present  conducting  trials  from 
Chatham  and  will  in  due  course  continue  the  trials  in 
different  parts  of  the  world  under  varying  climatic 
conditions. 


Books  available  for  Review 

Offers  to  review  should  be  addressed  to  the  Editor 


Automation  in  Anatomy  and  Physiology.  J.  Rose.  Oliver 
&  Boyd  Limited.  1967.  7s.  9d.  (No.  1585). 

Basic  Astronomy.  P  Moore.  Oliver  &  Boyd  Limited 
1967.  7s.  6d.  (No.  1588). 

Contact  and  Frictional  Electrification.  W.  R.  Harper. 

Oxford  University  Press.  1967.  70s.  (No.  1600) 

Basie  Electricity.  Various  Authors.  W.  Foulsham  &  Co. 

Ltd.  1967  30s.  (No.  1608) 

Jane's  Surface  Skimmer  Systems  1967/68.  Edited  by 
R  McLeavy.  Sampson  Low,  Marston  &  Co.  Ltd. 
1967/68.  (No  1620). 

Measuring  Hi-Fi  Amplifiers.  M.  Horowitz  W.  Foul- 
sham  &  Co.  Ltd.  (Tech.  Books).  1967.  25s.  (No.  1621). 
Probability  and  Hypothesis  Testing.  L.  N.  H.  Bunt 
and  A.  Barton.  G.  Harrap  &  Co.  Ltd.  1968  .  27s.  6d. 
(No.  1627). 

Know  Your  Sweep  Generators.  R.  G  Middleton.  Foul- 
sham-Sams  Ltd.  1%8.  26s  (No.  1633). 

A  Course  in  Pure  Mathematics.  M.  M.  Gow.  English 
University  Press  Ltd.  1968.  30s.  (No.  1634). 

Enzymes.  D.  W.  Moss.  Oliver  &  Boyd  Ltd.  1968.  7s.  6d. 
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Foulsham  &  Co.  Ltd.  1968.  26s.  (No.  1648), 

Worked  Examples  in  Higher  National  Certificate  Mathe¬ 
matics.  2nd  Edition  R,  H  Clark.  George  G.  Harrap 
&  Co.  Ltd.  1968.  28s.  6d.  (No.  1661). 
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University  Press.  1968.  30s.  (No.  1663). 
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General  Engineering  Science.  R  J.  Besanko  and  T  H. 
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Essentials  of  Sound.  F  J.  H.  Dibdin  Macmillan  &  Co. 
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Elements  of  Marine  Ecology.  R.  V.  Tait.  Butterworth 
&  Co.  1968  62s.  (No.  1678). 

Astronomical  Objcets  for  Southern  Tcleseopes.  E.  J 
Hartung.  Cambridge  University  Press.  1968  .  50s. 

(No.  1679). 

Thermodynamics  (2nd  Edition).  W.  C.  Reynolds. 
McGraw  Hill  Publishing  Co.  Ltd.  1968.  107s.  6d. 
(No.  1680). 
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Bessel  Functions  with  some  Physical  Applications.  C.  J. 

Tranter.  English  University  Press.  1968.  50s. 

(No.  1684). 

Examples  and  Exercises  in  ‘A*  Level  Physics.  H.  V. 
Pilling.  English  University  Press.  1968.  8s.  (No.  1685). 

Observations  in  Modem  Astronomy.  D.  S.  Evans. 
English  University  Press.  1968.  84s.  (No.  1686). 
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English  University  Press.  1968.  126s.  (No.  1687). 
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Powder  Metallurgy,  Practice  and  Applications.  By  R„  I 

Sands  and  S.  R  Shakespeare.  Pp.  x+26l.  London. 

George  Newnes  Ltd.  1966.  Price  70s. 

One  of  a  new  series  by  Newnes  entitled  “  International 
Monographs  on  Materials  Science  and  Technology  ”,  for 
which  the  advisory  editor  is  a  certain  N.  L.  Parr,  this 
textbook  is  described  as  reviewing  the  practice  and  appli¬ 
cations  of  powder  metallurgy  (which  it  does  very  well 
indeed)  and  the  principles  upon  which  the  technology 
is  based  (not  quite  so  well).  The  headings  of  the  12 
chapters — Introduction:  Metal  Powders,  their  Properties 
and  Production:  Shaping  of  Metal  Powrders:  Sintering*. 
Engineering  Components:  Tool  Materials:  Bearing 
Materials:  Permeable  Metals:  Sintered  Friction  Materials: 
Electrical  and  Magnetic  Materials:  Refractory  Metals: 
and  Miscellaneous  Applications  of  Powder  Metallurgy 
— accurately  represent  the  contents,  and  what  a  wide 
field  of  technology  is  covered  !  Your  reviewer  is  now 
aware  that,  in  the  diamond  tools  used  for  rock  drilling, 
diamonds  bonded  in  an  iron  matrix  (itself  an  indication 
of  the  extent  of  powder  metallurgy)  have  been  found 
suitable  for  Portland  stone,  while  granite  needs  a  softer 
matrix. 

The  approach  of  the  book  and  the  style  of  writing  are 
clear  and  authoritative.  For  example,  when  carbonyl 
iron  powder  is  first  mentioned  there  is  a  brief  explana¬ 
tion  of  the  carbonyl  process  itself,  and  there  is  a  refer¬ 
ence  to  this  in  the  index  (but  there  is  not  a  reference 
to  the  related  formate  process).  The  language  used  is 
English,  of  a  quality  which  it  is  a  pleasure  to  acknow¬ 
ledge.  but  did  something  happen  in  the  last  quarter  of 
the  book?  Here  the  manner  of  presentation,  and  the 
general  writing,  are  deteetably  below  the  high  standard 
set  in  the  rest  of  the  book. 

One  trivial  misprint  was  found  in  2^0  pages.  There 
arc  about  70  line  diagrams  and  20  photographs,  many 
of  the  latter  obviously  taken  from  sales  literature.  Some 
of  the  diagrams  represent  typical  graphs  of  property  X 
against  variable  Y,  and  as  such  these  are  given  without 
units.  This  is  all  right  in  the  seminar  room,  but  rather 
disconcerting  in  a  book  of  this  calibre. 

Principles  and  theory  are  less  well  handled  The  “  well- 
known  Darcy  equation  ”  is  badly  presented  (and  not 
indexed)  while  viscosity  and  the  Reynolds  number  each 
appear  in  two  different  places  with  different  notation  and 
terminology.  It  is  implied  that  a  permanent  magnet 
represents  a  store  of  energy  which  can  be  withdrawn 
at  will.  The  high  specific  gravity  of  tungsten  is  the  only 
reason  given  for  its  use  as  a  y-radiation  shield. 

These  peripheral  criticisms  made,  the  authors  are  to 
be  congratulated  on  the  breadth  and  the  quality  of  their 
book.  As  a  review  of  the  “  state  of  the  art  ”  it  is  con¬ 
fidently  recommended  in  spite  of  the  price. 

A.  P.  Bennett 


Nelson’s  Navy.  By  P  Richardson.  Pp.  vi  4-  106,  London; 
Longmans,  Green  &  Company  Ltd.,  1967.  Price  5s. 

This  excellent  little  book  is  lavishly  illustrated,  mostly 
from  contemporary  paintings  and  engravings  from  the 
originalss  in  the  National  Maritime  Museum  It  also  has 
an  excellent  exploded  drawing  of  the  Victory  and  some 
useful  sketch  charts.  It  starts  with  the  ships  and  then 
works  through  the  officers,  petty  officers  and  men,  their 
work  on  board  ship,  punishments,  life  on  board  ship, 
the  Spithead  and  Nore  mutinies,  blockade,  pursuit  of 
Villeneuve,  preparations  for  battle  and  action  stations. 
It  finishes  with  a  very  useful  glossary.  As  it  is  written 
with  schoolchildren  particularly  in  view  there  is  a 
slightly  provocative  page  of  things  to  do.  Provocative, 
that  is,  to  the  reviewer  in  that  although  the  bulk  of  the 
material  is  evidently  derived  from  the  National  Mari¬ 
time  Museum  a  visit  to  the  Museum  is  not  included. 
It  can  be  recommended  to  anyone  interested  in  the  Navy 
of  Nelson’s  time, 

D.  W.  Waters 

Computer  Basics.  By  Technical  Education  and  Manage¬ 
ment  Inc.  Vol.  II  Analog  Computers — Mathematics 
and  Circuitry.  Pp.  224.  Vol.  Ill  Digital  Computers — 
Mathematics  and  Circuitry.  Pp.  224.  Vol.  V  Analog  and 
Digital  Computers — Organisation,  Programming  and 
Maintenance.  Pp  224.  Slough;  W.  Foulsham  &  Co. 
Ltd.,  1966.  Price  30s.  each  volume. 

These  three  volumes  are  part  of  a  five  volume  series 
prepared  by  an  American  firm  called  Technical  Educa¬ 
tion  and  Management  Inc.  They  spring  from  a  course 
produced  about  1960  by  the  same  firm  for  the  U.S.  Navy 
which  was  designed  to  train  U.S.  Naval  electronics 
technicians  in  computer  technology  This  reviewer  is 
profoundly  grateful  that  he  only  undertook  to  review 
three  out  of  the  five  volumes,  for  this  was  tedious  enough. 
However  in  case  anyone  is  interested  the  missing  two 
are : — 

Vol  I — Introduction  to  Analog  Computers 
Vol.  IV — Digital  Computers — Storage  and  Logical 
Circuitry. 

It  is  stated  that  these  volumes  are  written  to  be  easily 
understood  by  a  reader  with  no  prior  knowledge  of 
computer  systems  but  with  some  background  of  basic 
electronics  and  a  working  knowledge  of  algebra  and 
trigonometry.  However  the  working  knowledge  required 
is  minimal  indeed,  and  because  of  this  the  text  is 
frequently  extremely  laboured.  For  example  the  reader 
is  not  assumed  to  have  any  skill  in  algebraic  manipu¬ 
lation  and  every  step  in  the  development  of  an  equation 
is  set  down  in  minute  detail  e.g.  when  dealing  with  the 
input  impedance  of  an  operational  amplifier  we  have: 
eg(l  +  A) 

Zf 

CS=  CK 

i  eK(l  +  A) 

Zf 

_  Zr 
1  +  A 

I  cannot  believe  that  anyone  capable  of  maintaining  and 
operating  digital  or  analog  computers  is  incapable  of 
following  the  text  without  every  intermediate  .tep  being 
detailed.  Elsewhere  in  the  text  (Volume  IH)  in  a  discus¬ 
sion  on  interpolation  formulae,  Aitken’s  formula  is 
quoted  without  explanation  and  in  a  form  which  will  be 
meaningless  to  the  reader  with  the  mathematical  exper¬ 
ience  assumed  by  the  compilers  elsewhere  in  the  text 
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Volume  II  (Analog  Computers — Mathematics  and 
Circuitry),  describes  the  operational  amplifier  and  dis¬ 
cusses  some  of  its  problems  It  includes  a  fairly  compre¬ 
hensive  description  of  methods  used  to  compensate  for 
drift  in  the  dc,  amplifier  and  describes  how  to  set  up 
a  simple  second  order  differential  equation  on  the  analog 
computer.  This  is  reasonably  well  done  but  due  to  a 
numerical  slip  in  the  example  used  to  describe  amplitude 
scale  factoring  the  reader  is  likely  to  be  somewhat  con¬ 
fused  There  is  a  description  of  the  methods  used  to 
generate  mathematical  functions  and  an  outline  of  the 
components  used  in  analog  computers.  Then,  quite 
unaccountably,  there  is  a  digression  on  servo-mechanisms 
in  the  chapter  entitled  frequency  multiplication.  This  is 
out  of  place  and  appears  to  serve  no  purpose  in  this 
part  of  the  book.  The  next  chapter  entitled  Auxiliary 
Analog  Devices  begins  with  a  description  of  semi-con¬ 
ductors  followed  by  saturable  reactors — neither  in 
sufficient  detail  or  with  sufficient  clarity  to  justify  their 
inclusion.  There  is  then  a  more  useful  description  of  the 
various  transducers,  recording  techniques  and  transmis¬ 
sions  systems  used  in  analog  computation.  In  general 
while  there  is  a  lot  of  useful  information,  albeit  des¬ 
cribed  in  a  superficial  way.  there  is  much  in  the  volume 
which  appears  to  be  mere  padding  and  it  could  benefit 
from  critical  pruning  and  editing 
Volume  III  (Digital  Computers — Mathematics  and 
Circuitry)  contains  useful  information  on  some  iteration, 
perturbation  and  relaxation  methods  used  in  preparing 
computer  programmes.  However  it  suffers  from  the  same 
faults  as  Volume  II  and  contains  much  unnecessary 
material  e.g.  a  detailed  description  of  the  neon  tube 
sawtooth  generator.  In  addition  the  circuitry  described 
uses  electronic  valves  as  the  active  element;  semi-con¬ 
ductor  diodes  are  mentioned  but  I  cannot  recollect  any 
circuit  using  transistors  The  section  on  Boolean  algebra 
is  extremely  sketchy.  For  example  there  is  no  mention 
of  Venn  diagrams  or  De  Morgan’s  theorem 
Volume  V  (Analog  and  Digital  Computers — Organisa¬ 
tion.  Programming  and  Maintenance),  contains  some 
good  material  e  g  description  of  binary  multipliers  and 
forward  backward  counters  in  hybrid  computation  and 
some  very  trite  material  eg,  in  a  section  on  maintenance 
If  a  cup  of  coffee  were  to  fall  into  the  mechanism  of  a 
digital  computer  it  would  undoubtedly  wreak  havoc.  You 
can  probably  visualise  the  effect  that  would  be  produced 
by  the  melting  of  a  candy  bar  that  has  been  left  casually 
on  a  deck  of  data  cards;  *  chocolate  ’  is  a  fighting  word 
to  those  repairmen  who  have  witnessed  its  damaging 
effects  ”.  It  is  again  very  uneven  and  where  it  describes 
circuitry  this  is  valve  and  not  transistor.  There  is  a 
good  section  on  analog  to  digital  converters  including  a 
very  thorough  discussion  on  methods  of  overcoming  the 
ambiguity  involved  in  using  the  natural  binary  codes. 

Summing  up  I  cannot  recommend  these  books  to  the 
type  of  reader  I  believe  them  to  be  intended  for  i.c.,  a 
junior  technician.  There  are  a  number  of  printing  errors 
which  will  mislead;  there  is  a  great  deal  of  redundant 
information  (I  wonder  if  there  is  any  significance  in  the 
fact  that  they  all  have  224  pages)  and  they  are  in  some 
instances  quite  out  of  date.  Additionally  some  of  the 
diagrams  appear  to  have  been  reduced  in  scale  and  are 
difficult  to  understand. 

L.  S.  Bryson 

Olefins  and  Acetylenes.  By  F.  D.  Gunstone.  Pp.  68.  Lon¬ 
don;  The  English  LTnivcrsities  Press  Ltd.  1%6.  Price 
8s.  6d. 

This  book  is  in  the  form  of  a  “  Programmed  Text  ” 
and  is  the  third  of  a  series  of  Chemical  Science  Texts, 
intended  for  sixth  formers  and  junior  students  at  Univer¬ 
sities  and  Technical  Colleges.  The  text  is  arranged  in 


short  blocks,  consisting  of  a  statement  on  structure, 
preparation  or  property,  followed  by  a  question  based 
on  this  statement  and  then  the  answer  to  the  question. 
In  places  statement  and  question  are  combined  in  one 
block.  It  must,  therefore,  be  read  in  the  order  given  and, 
preferably,  a  complete  chapter  at  a  time.  Presumably, 
it  is  a  form  of  “teaching  machine”,  where  the  student 
can  proceed  at  his  or  her  own  speed  and  re-read  what¬ 
ever  section  has  been  forgotten  or  not  understood.  It 
could  hardly  be  used  as  a  reference  book,  although  it 
is  packed  with  factual  information  regarding  olefins 
(and  dienes),  and  acetylenes.  As  the  text  proceeds, 
more  and  more  complicate  reactions  are  described,  with 
the  result  that  the  rate  of  reading  slows  down.  The 
reviewer  found  it  quite  impossible  to  read  a  whole 
section  in  one  session;  maybe  a  younger  mind  could 
withstand  this  type  of  “cramming”  more  easily 

As  more  and  more  textbooks  and  scientific  literature 
are  produced,  perhaps  there  is  a  need  to  cut  down  on 
the  sheer  bulk  involved.  Since  there  also  appears  to  be 
a  shortage  of  teachers  the  use  of  various  machines  or 
aids  would  also  appear  necessary  This  book  achieves 
both  objects  and  should  be  welcomed,  but  one  misses  the 
little  gems  which  appeared  in  the  “old-fashioned”  text¬ 
books  as  one  ploughs  through  a  programme  of  facts. 

A.  J.  Bloom 


Vibration  in  Ci\il  Engineering.  Ed.  B  O.  Skipp  Pp.  302. 

London:  Butterworth  &  Co.  Ltd.,  1966.  Price  85s. 

Anyone  working  in  the  field  of  vibration  and  shock  is 
almost  certain  to  be  the  recipient  from  time  to  time 
of  plaintive  requests  of  which  the  following  is  a  typical 
example:  “  We  have  put  up  a  new'  building  for  our 
test  instrumentation  and  are  experiencing  trouble  from 
vibration  which  we  think  comes  from  our  machine  shop 
next  door.  Can  you  tell  us  what  to  do  about  it  ?  ”  More 
likely,  though,  the  request  will  be  not  for  advice  but 
for  assurance  that  certain  belated  action  already  decided 
upon,  perhaps  by  now  in  hand,  is  going  to  be  successful, 
bearing  in  mind  that  the  proposed  panacea  will  be  (a) 
quicker,  (b)  cheaper,  (c)  less  trouble,  than  more  sure 
and  fundamental  remedies.  The  polite  reply  can  now 
be  given:  “  I  can  help  you  most  by  recommending  you 
to  consult  ‘Vibration  in  Civil  Engineering’  in  which 
you  will  find  a  number  of  highly  practical  papers,  to¬ 
gether  with  further  references  and  actual  case  histories. 
Come  back  again  if  you  wish  to  change  your  mind  And 
by  the  way,  make  sure  it  is  the  machine  shop  which  is 
the  cause.” 

The  1965  Symposium,  of  which  this  book  is  the  out¬ 
come  is  claimed  to  have  been  the  first  of  its  kind  to  be 
held  in  the  United  Kingdom  It  was  organized  by  the 
British  National  Section  of  the  International  Associa¬ 
tion  for  Earthquake  Engineering — a  rather  ambiguous 
title  which  one  hopes  does  not  mean  what  it  says  There 
are  26  papers  whose  authors  are  drawn  from  an  inter¬ 
national  field;  the  earthquake  aspect  does  not  by  any 
means  dominate  the  papers. 

The  book  commences  with  a  useful  general  paper  by 
R  J.  Steffens  of  the  Building  Research  Station,  which 
summarizes  the  elementary  theory  and  practice  of  vibra¬ 
tion  isolation,  and  at  the  same  time  manages  to  bring 
in  sufficient  detail  about  selected  cases  as  to  sustain 
interest  in  the  reality  of  the  subject.  Extensive  refer¬ 
ences  are  given.  Two  papers  on  the  effects  of  vibrations 
on  buildings,  and  on  vibrations  in  resiliently-mounted 
machines,  are  then  followed  by  sections  labelled  as  the 
transmission  of  vibration,  instrumentation,  the  dynamic 
behaviour  of  soils,  the  dynamic  behaviour  of  founda- 
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tions,  current  practice  in  structural  design,  and  current 
practice  in  structural  isolation.  Whilst  it  would  be  im¬ 
possible  to  comment  upon  all  the  individual  papers 
here,  the  following  might  be  mentioned  to  indicate  their 
scope.  Professor  N.  M,  Newmark,  University  of  Illinois, 
deals  with  shock  response  spectra  and  shock  resisting 
mountings  for  ground-based  structures  in  a  realistic  (one 
dare  not  say  ‘  down-to-earth  ’)  manner  which  the 
academic  title  ‘  Notes  on  Shock  Isolation  Concepts  *  does 
not  suggest.  P  Grootenhuis  of  Imperial  College  (well- 
known  to  members  of  the  Society  of  Environmental 
Engineers  for  his  own  work  on  vibration)  and  A.  O. 
Awojobi  deal  with  the  measurement  of  the  dynamic 
properties  of  soil  using  an  electro-magnetic  vibrator  at 
constant  amplitude  to  measure  resonance  frequencies, 
and  show  good  agreement  between  experimental  results 
and  values  expected  from  fundamental  quantities  in  a 
particular  case.  G.  L.  Grant  describes  a  method  of 
measuring  receptance  (the  complex  ratio  of  displace¬ 
ment  to  exciting  force)  using  an  electro-dynamic  exciter 
to  drive  the  bearing  support  of  a  large  turbine.  This 
method  has  now  however  been  superseded  by  the  use 
of  more  direct  instrumentation  which  will  automatically 
plot  mechanical  impedance  over  a  frequency  range  on 
an  XY  plotter.  J.  H.  A.  Crockett  gives  over  30  examples 
of  potted  case-histories  of  shock  and  vibration  prob¬ 
lems;  this  paper  is  one  of  the  most  fascinating  in  the 
book,  and  is  invaluable  for  conveying  in  palatable  form 
the  general  philosophy  of  vibration  isolation.  The 
remaining  papers  all  embody  information  of  great  use 
and  relevance. 

Some  subjects  will  necessitate  more  specialized  read¬ 
ing;  instrumentation,  for  example,  the  description  of 
which  has  been  highly  generalized,  and  mechanical 
impedance,  which  is  hardly  mentioned  as  such.  The 
presentation  of  the  book  is  good,  and  the  printing  is 
clear  and  on  matt  paper,  so  that  one  can  read  it  in  arti¬ 
ficial  light  without  having  to  dodge  reflections.  There 
are  a  few  trivial  printing  errors,  for  example,  ‘  Psuedo- 
velocity  ’  in  the  index  is  followed  by  ‘  Pulbic  Health 
Acts  \  All  in  all  this  book  can  be  firmly  recommended 
to  the  mechanical  or  structural  engineer,  indeed  to  any¬ 
one  who  is  cither  on  the  receiving  or  the  transmitting 
end  of  advice  on  shock  and  vibration  problems.  One  con¬ 
sultation  of  the  book,  especially  at  the  drawing  office 
stage  of  a  building  project,  eould  easily  save  its  cost  a 
hundredfold. 

L.  S.  LePagc 


Modern  Communication  Principles.  By  S.  Stein  and  J. 

J.  Jones.  Pp.  ix  +  382.  New  York;  McGraw-Hill  Inc 

1967.  Price  $15. 

This  book,  produced  as  an  extension  of  a  review  of 
principles  of  modern  communications  prepared  by  the 
authors  in  1964,  is  intended  as  a  self-contained  work  for 
practising  engineers  who  require  an  introduction  to  the 
advanced  theoretical  models  in  radio  communication 
theory. 

The  approach  is  from  the  “systems  engineering’’ 
viewpoint  of  communication  theory  and  the  later 
chapters  highlight  material  which  has,  until  recently, 
been  unavailable  in  book  form. 

The  first  eight  chapters  of  the  book  provide  back¬ 
ground  and  a  review  of  material  with  emphasis  on 
modern  techniques. 

The  next  five  chapters  introduce  digital  signalling, 
mainly  in  terms  of  binary  systems,  and  include  treatments 
of  matched  filtering  and  correlation  detection.  Two 
chapters  are  then  devoted  to  M-ary  and  coded  trans¬ 
missions. 


In  the  final  two  chapters,  the  results  for  binary  systems 
are  extended  to  real  communication  channels  with  fading 
signals,  including  the  use  of  diversity  combining  tech¬ 
niques  for  dealing  with  such  fading 

The  background  material  contained  in  the  first  eight 
chapters  constitutes  an  excellent  introduction  to  tech¬ 
niques  applied  to  communication  theory  such  as 
frequency  spectra  and  Fourier  theory  which  together 
with  correlation  methods,  random  processes  and  noise 
analysis  provide  a  useful  introduction  to  amplitude, 
angle  and  pulse  modulation  principles  and  multiplexing 
techniques  covered  in  the  next  four  chapters. 

The  treatment  of  modulation  techniques  is  complete 
and  comprehensive  from  a  “  systems  ”  point  of  view, 
particular  attention  being  given  to  wide  and  narrow 
band  frequency  modulation  and  relative  signal  to  noise 
ratios  and  their  improvement  The  chapter  on  pulse 
modulation  provides  an  adequate  coverage  of  sampling 
principles  and  pulse  code  modulation  (delta  modulation, 
being  merely  mentioned).  Noise  analysis  in  P.C.M. 
systems  is  covered  in  some  detail  and  thus  the  section 
comprehensively  covers  modern  modulation  techniques 
with  particular  reference  to  noise  considerations. 

Principles  of  multiplexing  are  next  briefly  covered  be¬ 
fore  the  introduction  to  digital  signalling  and  principles 
of  coherent  and  non-coherent  detection  are  considered. 
The  remainder  of  the  book  is  concerned  with  binary 
on-ofT.  frequency  shift  and  phase-shift  keying  which  are 
briefly  outlined  followed  by  extensive  coverage  of 
matched-filter  and  correlation  detection  and  rounded  off 
by  considerations  of  ehannel  capacity  and  error-eontrol- 
eoding.  The  final  chapter  on  diversity  techniques  is 
followed  by  a  list  of  some  28  references  relevant  to 
extension  of  the  material  covered  by  the  book. 

Summarizing,  the  book  is  probably  the  most  compre¬ 
hensive  review  of  modern  principles  in  communication 
theory  published  to  date.  The  price  of  $15  does  however 
seem  to  be  somewhat  excessive  and  perhaps  prohibitive 
for  a  private  library  but  the  material  matter  should 
ensure  the  book  of  a  place  in  any  complete  technical 
library. 

D.  Robson 


Ethyl  Aeetoiicetate  and  Related  /3-Keta  Esters.  By  F.  D. 

Gunstone.  Pp  43.  London:  The  English  Universities 

Press  Ltd.  1966.  Price  6s.  6d. 

This  book  is  the  second  of  the  series  of  Chemical 
Science  Texts  and  follows  the  same  pattern  as  “  Olefins 
and  Acetylenes  ”. 

The  chemistry  of  these  compounds  is  quite  compli¬ 
cated  and  hence  this  book  makes  very  heavy  reading. 
It  is  difficult  to  see  why  this  particular  subject  was  chosen 
for  the  second  book  of  the  series.  The  chapters  cover 
the  nreparation  of  ethyl  acetoacetate  and  the  Claisen 
condensation,  tantomersion,  the  hydrolysis,  ketonic  and 
elonic  properties  of  /3-keto  esters,  and  reactions  of  the 
activated  methylene  group.  The  final  Summary  is  solely 
questions  and  answers  on  the  preceding  chapters. 

The  same  general  remarks  given  on  “  Olefins  and 
Acetylenes  ”  apply  here  also,  and  it  must  be  emphasized 
that,  for  people  reading  this  series  of  books  volume  by 
volume,  Volume  2  is  not  designed  to  endear  one  to 
this  system  of  learning. 

A.  J.  Bloom 
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Linear  Automatic  Control  Systems  with  Varying  Para¬ 
meters.  By  A.  V.  Solodov.  Pp.  xii+270.  London; 

Blaekie  &  Son  Ltd.  1966  Priee  75s. 

There  comes  a  time  in  any  young  control  engineer’s 
life  when  he  is  confronted  with  the  awful  truth  that 
the  nice  block  diagrams  with  their  simple  Laplace  trans¬ 
forms  which  he  could  manipulate  with  ease  bear  little 
relationship  to  actual  practice.  Equally,  the  realization 
that,  even  in  linear  systems,  components  might  ehange 
their  parameters  with  time  eould  cause  him  to  throw 
away  his  Nichols  charts  in  disgust  and  revert  to  (rela¬ 
tively)  simple  electronics.  He  should,  perhaps,  read  this 
book  first 

A  general  introduction  is  first  given,  including  several 
fairly  simple  systems  in  which  it  is  shown  that  time- 
varying  components  are  more  prevalent  than  one  would 
first  imagine.  Six  chapters  follow,  set  out  approximately 
in  order  of  increasing  mathematical  difficulty.  The  first 
chapter  diseusses  in  detail  the  impulse  response  function 
of  a  linear  system  and  the  second  chapter  deals  with 
block  diagram  transformation  of  such  systems.  The 
third  chapter  gives  approximate  methods  of  deriving 
impulse  response  functions,  while  the  fourth  and  fifth 
chapters  discuss  problems  arising  and  possible  solutions 
when  signals  of  given  and  of  random  time  functions 
are  applied  to  the  linear  system.  Finally,  the  sixth 
chapter  investigates  systems  with  variable  parameters  and 
random  inputs  by  means  of  simulation  techniques. 

By  any  standards,  this  book  is  a  tour  de  force.  Several 
new  (to  your  reviewer)  techniques  are  demonstrated, 
notably  the  methods  of  block  diagram  transformation, 
and  invariably  the  necessary  steps  taken  to  reach  con¬ 
clusions  are  clearly  set  out  This  is  not,  however,  a 
book  for  the  beginner.  The  standard  of  mathematics  is 
high,  although  the  basie  eoneepts  are  explained  gener¬ 
ally  in  simple  terms.  One  eannot  tell  how  freely  the 
original  work  has  been  translated,  but  the  result  is  a 
flowing  text  whieh  is  a  pleasure  to  read  It  is  also 
refreshing  to  see  that  nearly  half  the  cited  references 
are  by  “  foreign  ”  (i.e.  non-Russian)  authors.  So  often 
does  one  see  a  long  list  of  Russian  works  and  only  one 
or  two  “  Western  ”  items  given  as  references  in  Russian 
textbooks. 

A  relatively  minor  eritieism  is  that  the  numerous 
diagrams  in  the  book  eould  have  been  made  a  little 
larger  and  isolated  more  from  the  text.  One  would 
suspeet  that  the  original  Russian  blocks  were  used,  suit¬ 
ably  altered  in  terms  of  symbols.  Even  bearing  this  in 
mind,  your  reviewer  has  no  hesitation  in  recommending 
the  book  for  both  technical  library  and  designer’s  book¬ 
shelves. 

J.  E,  Etheridge 


Theory  of  Games  Editor:  A.  Mensch,  Pp  490.  London; 

The  English  Universities  Press  Ltd.  1966.  75s. 

Game  theory  eame  to  life  with  the  publication  of  a 
book  by  V.  Neumann  and  Morgenstern.  The  book  was 
devoted  to  the  application  of  game  theory  to  econ¬ 
omics  but  the  publication  of  the  book  soon  led  to 
military  theorists  reeognizing  the  possible  use  of  the 
theory  as  an  analytical  approach  to  military  problems 
and  distinct  from  gaming.  Ever  since,  controversy  has 
raged  about  its  usefulness  in  this  sphere  and  even 
acrimony  has  resulted  between  the  proponents  and 
opponents  of  the  use  of  the  technique  One  of  the  inter¬ 
esting  outcomes  of  this  controversy  is  the  opportunity 
Morgenstern  has  taken  in  the  book  to  castigate  deni- 
grators  such  as  Zuekerman 


The  book  is  often  lively  and  also  often  controversial 
but  is  a  valuable  guide  to  the  field  of  game  theory  as 
applied  to  warfare.  The  shortcomings  of  game  theory 
are  well  known — it  has  been  sometimes  called  the 
pessimist’s  approach  to  making  a  choice — but  there  are 
still  valid  fields  of  application  both  to  military  and  civil 
problems.  The  field  of  weapon  assessment  is  generally 
agreed  to  be  such  a  valid  field  but  most  of  the  diffi¬ 
culty  of  such  an  application  resides  in  obtaining  the 
pay-off  matrix. 

To  those  who  want  a  succinct  introduction  to  game 
theory  the  article  in  the  book  by  Vajda  contains  an 
elegant  summary  of  the  two-person  zero-sum  game  with 
an  explanation  of  saddle  point,  dominant  strategies, 
and  pure  and  mixed  strategies,  the  key  words  in  this 
type  of  game. 

Game  theory  is  an  analytical  approach  to  the  study 
of  human  conflict:  the  game  in  general  may  be  many 
person  and  not  necessarily  zero  sum.  The  latter  implies 
that  the  interests  of  the  opponents  are  not  directly 
opposed  as  it  would  be  in  a  zero  sum  game  and  this 
condition  may  often  exist  in  military  operations.  Non- 
zero-sum  games  were  studied  in  detail  in  the  original 
book  by  V.  Neumann  and  Morgenstern  as  the  latter 
points  out  in  the  book  under  review  but  are  in  general 
difficult.  The  problem  of  the  prisoner  dilemma  is  a 
classical  example  and  was  first  solved  by  Howard,  An 
interesting  study  of  this  problem  as  a  paradox  has  been 
given  in  Scientific  American :  the  present  book  quotes 
an  interesting  example  from  Rousseau’s  book  on 
Inequality  and  another  from  Xenophon.  Both  these 
examples  illuminate  and  enliven  the  book. 

The  book  is  a  collection  of  lectures  delivered  at  a 
NATO  sponsored  conference  at  Toulon  in  1964.  As 
befits  a  bilingual  organization  the  articles  arc  in  French 
and  English,  the  ratio  of  the  two  being  nearly  unity. 
The  book  is  divided  into  three  parts;  Part  I  is  mathe¬ 
matical  models,  Part  II  military  applications,  and  Part 
III  diseussion  and  synthesis. 

The  mathematical  models  sections  tend  to  be  abstract 
in  nature  It  is  of  course  true  that  game  theory  is  a 
mathematical  discipline  and  it  is  claimed  that  it  in  turn 
has  led  to  advances  in  other  branches  of  mathematics. 
One  of  the  interesting  lectures  in  Part  I  is  the  theory 
of  MAX-MIN  and  its  applications.  In  this  game  the 
minimizing  player  acts  after  the  maximizing  player  and 
further  with  full  knowledge  of  the  latter’s  choice;  such 
a  game  has  military  application  to  the  attack  in  estab¬ 
lished  concrete  installations.  The  very  eommon  military 
problem  of  pursuit  and  evasion  is  treated  in  a  paper 
by  Prof.  Grenader  of  Stockholm. 

Part  II  deals  with  a  large  number  of  military  prob¬ 
lems  about  equally  divided  between  the  services,  and  is 
a  valuable  collection  of  specialized  topics  and  a  good 
indication  of  what  types  of  problems  are  amenable  to 
solution  by  game  theory. 

The  diseussion  in  Part  III  is  lively  and  entertaining 
as  well  as  throwing  some  light  on  the  general  problems 
of  game  theory  and  where  it  is  likely  to  go  in  the 
future.  The  two  articles  by  Morgenstern  and  Schelling 
are  of  particular  interest  in  this  context. 

The  book  is  strongly  recommended  to  students  inter¬ 
ested  in  game  theory  and  particularly  in  its  applications 
to  military  problems. 

R.  A.  M.  Bound 
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Naval  Review,  1967.  United  States  Naval  Institute.  Pp 

335.  Annapolis;  U.S.  Naval  Institute  19b7  Price 

SI  2.50. 

The  United  States  Naval  Institute's  “  Naval  Review. 
1967”  follows  on  much  the  same  lines  as  the  original 
(1962-  63)  issue,  which  was  reviewed  in  the  July  1963 
number  of  this  Journal.  It  consists  of  a  preface  by  the 
Editor  and  12  essays  on  various  matters  of  naval  interest, 
the  majority  written  by  distinguished  American  experts 
in  their  various  subjects,  for  the  most  part  U.S.  Naval 
Officers.  There  follow  four  appendices.  The  only  non- 
American  contributor  (though  one  of  the  appendices  is 
anonymous)  is  Vice  Admiral  B.  B  Schofield,  who  was 
incidentally  one  of  the  two  European  contributors  to 
the  original  issue. 

The  essays  include  a  description  of  Operation  Starlite. 
the  first  substantial  American  success  in  the  Vietnamese 
War  (which  would  be  more  readable  if  it  were  not  be¬ 
devilled  in  almost  every  paragraph  by  a  deluge  of 
apparently  meaningless  and  unrelated  figures,  initials 
and  abbreviations  with  which  the  Author  may  be  familiar 
but  the  less  expert  reader  may  not).  It  remains,  however, 
a  good  account  of  a  well-conceived  and  successfully 
carried-out  operation. 

An  article  on  Soviet  Naval  Strategy  raises  interesting 
points  on  the  subservience  of  a  navy  to  an  army,  on 
the  value  of  Carriers  (of  which  the  Soviets  have  none) 
and  on  the  capabilities  of  a  navy  consisting  almost 
entirely  of  submarines,  even  though  a  percentage  of  these 
are  nuelear-powered  and  armed  with  ballistic  missiles. 

A  discussion  on  the  education  of  future  naval  officers 
brings  out  the  interesting  facet  that  U.S.  naval  recruiting 
will  be  satisfactory  as  long  as  the  army  remains  the  only 
braneh  of  the  services  using  the  draft — it  is  evidently 
preferable  to  serve  three  years  in  the  navy  as  an  officer 
rather  than  two  in  the  army  as  a  draftee.  The  following 
chapter,  in  dealing  with  the  manning  of  the  fleet,  stresses 
the  extensive  possibilities  which  are  offered  for  educa¬ 
tion  in  technical  fields. 

The  lagging  of  doctrines  behind  technology  is  the 
theme  of  an  article  on  air  transport,  and  this  is  followed 
by  Admiral  Sehofield’s  essay  on  the  British  Mercantile 
Marine  and  Strategy,  which  is  largely  statistical.  A  later 
description  of  the  U.S.  Merchant  Fleet  gives  a  highly 
interesting  aeeount  of  the  working  of  subsidies,  both 
for  operating  and  building  merchant  vessels. 

Strategy  and  Oil,  a  Naval  Impression  of  Brazil  Deep 
Submergence  and  Aiding  the  Navigator  are  the  titles 
of  subsequent  essays — the  last  named  contriving,  some¬ 
what  ingeniously,  to  omit  any  reference  to  Decca  or 
Trinity  House,  and  the  final  article  on  Minesweepers — 
a  subject  rarely  pursued  until  the  need  is  imminent  or 
overdue — gives  a  fascinating  picture  of  this  Cinderella 
of  naval  design. 

The  Appendices  cover  recent  Naval  Chronology,  a 
Commentary  on  Sea  Power  (with  a  perceptive  analysis 
of  the  passing  of  the  British  version)  Military  Aircraft 
Command  and  the  Secretary  of  Defence’s  Statement 
before  the  Senate  Appropriations  Committee  in  February 
1966.  The  latter  gives,  from  the  U.S.  standpoint,  a  vivid 
thumbnail  sketch  of  current  political  activity  in  every 
quarter  of  the  globe. 

Brilliantly  illustrated  by  photographs,  and  excellently 
well  produced,  this  Review  will  be  of  great  interest  to 
anyone  concerned  in  the  study  of  the  wider  aspeets  of 
naval  affiairs. 


Modem  Materials — Advances  in  Development  and 

Applications.  Vol  4.  Edited  by  B  W.  Gonser  and 

H  H.  Hausner.  Pp.  viii+420.  New  York  and  London. 

Academic  Press.  Inc.  1964.  Price  107s.  6d. 

The  materials  employed  in  engineering  used  to  be 
selected  almost  entirely  from  those  which  had  been 
available  and  in  use  for  a  respectable  period  of  years. 
Nowadays,  the  pattern  is  changing,  and  in  some  indus¬ 
tries  designs  are  actually  being  developed  on  the  basis 
of  tentative  property  data  which  it  is  hoped  will  be 
realised  in  materials  which  are  under  simultaneous 
development  There  is  therefore  a  need  for  a  series  of 
books,  such  as  the  one  of  which  this  forms  a  part,  which 
are  designed  to  present  up-to-date  summaries  of  the 
properties  of  materials,  using  the  term  materials  in  its 
most  general  sense. 

The  book  begins  with  a  section  on  carbon  and  graphite 
by  Erie  A.  Shobert,  which  is  followed  by  a  description 
of  the  effects  of  irradiation  upon  materials  and  per¬ 
sonnel  by  T  S.  Elleman  and  C.  W.  Townley.  P  G. 
Forrester  of  the  Glacier  Metal  Co.  contributes  a  section 
on  materials  for  plain  bearings,  and  this  is  followed  by 
a  discussion  of  dry  lubricants  by  R.  J.  Benzing.  The 
book  concludes  with  a  chapter  on  high-strength  steels 
by  A.  M.  Hall. 

The  reviewer’s  copy  was  marred  by  bad  collation,  in 
that  the  title  page  and  pages  1  to  4  had  been  bound 
between  pages  36  and  37. 

Inevitably,  the  style  of  the  book  is  not  uniform 
throughout,  but  the  chapters  are,  in  general,  well-written 
and  supported  by  references.  The  difficulties  involved  in 
collating  data  in  a  field  of  commercial  sensitivity  com¬ 
plicated  by  “  more  art  than  science  ”  are  particularly 
evident  in  the  section  dealing  with  plain  bearings  and 
caused  Mr.  Forrester  to  renew  his  plea  for  realistic  and 
established  test  conditions  to  be  employed  and  properly 
reported  in  order  that  the  efforts  of  different  workers 
might  be  effectively  correlated. 

The  confusion  which  exists  in  materials  terminology 
is  particularly  apparent  in  the  last  section,  dealing  with 
high  strength  steels.  The  author  has  chosen  to  split  his 
review  into  “  high-strength  steels  ”,  having  a  minimum 
yield  strength  of  50,000  p.s.i.,  “  extra-high-strength  ” 
steels,  having  a  yield  strength  in  the  range  80-  115,000 
p.s.i.  and  “  ultra-high-strength  ”  steels  which  run  up  to 
280,000  p.s.i.  yield  strength.  This  last  section  is  particu¬ 
larly  disappointing,  not  just  because  it  is  confined  to 
American  materials,  but  because  the  emphasis  is  upon 
production  techniques  and  parts  of  the  chapter  read 
like  manufacturers’  literature.  Few  warnings  of  the 
hazards  to  be  considered  in  handling  such  materials 
arc  given,  and  there  is  no  mention  of  the  precautions 
required  in  welding  operations  nor  of  the  value  of  frac¬ 
ture  toughness  concepts  in  relation  to  materials  of  very 
limited  duetility. 

The  book  is  therefore  a  mixed  bag  of  good  and  in¬ 
different  information.  It  has  a  place  in  a  reference  library, 
but  the  information  which  it  contains  must  be  used  with 
due  regard  to  the  part  of  the  book  from  which  it  comes. 
Therefore,  the  value  of  the  book  is  somewhat  question¬ 
able,  since  it  can  only  be  used  with  confidence  by 
readers  who  already  have  a  sound  and  comprehensive 
experience  of  the  field  involved. 

D.  Birchon 


A.  V.  Thomas 
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Fluid  Mechanics.  Fourth  Edition.  By  V.  L.  Streeter. 

Pp.  v+705  Maidenhead;  McGraw  Hill  Publishing 

Co.  Ltd  1966.  Price  80s. 

This  is  the  latest  revision  of  a  well  known  text  book 
on  Fluid  Mechanics,  one  of  the  three  dozen  or  so  books 
entitled  ‘  Fluid  Mechanics  ’  or  *  Fluid  Dynamics  ’  which 
have  been  issued  during  the  past  12  years. 

The  book  is  mainly  intended  for  students  of  engineer¬ 
ing  science,  but  the  text  covers  much  more  material  than 
is  usually  given  in  a  first  course  in  fluid  mechanics.  The 
book  is  conveniently  divided  into  two  parts,  Part  I 
covering  ‘  Fundamentals  of  Fluid  Mechanics  ’  and  Part 
II  ‘Applications  of  Fluid  Mechanics 

The  early  chapters  of  Part  I  deal  with  the  properties 
of  fluids,  fluid  statics,  and  the  underlying  framework  of 
concepts,  definitions  and  basic  equations  for  fluid 
dynamics.  A  chapter  on  dimensional  analysis  and 
dynamic  similitude  is  inserted  before  the  introduction 
of  the  concept  of  real  fluids  with  viscous  effects  and 
resistance.  The  concept  of  boundary  layer  is  introduced 
at  this  stage  and  there  is  a  first  introduction  of  experi¬ 
mental  data  into  fluid  flow  calculations.  The  concept 
of  compressible  flow  of  both  real  and  frictionless  fluids 
is  introduced  before  the  final  chapter  of  Part  I  which 
deals  with  Ideal-fluid  flow  in  both  two  and  three  dimen¬ 
sions. 

In  Part  II  several  of  the  important  fields  of  applica¬ 
tion  of  fluid  mechanics  are  dealt  with,  starting  with 
4  Fluid  Measurement  and  Control  \  A  description  of 
various  standard  techniques  for  making  pressure  and 
velocity  measurements  are  followed  by  a  short  section 
on  optical  flow  measurement  using  wSchlieren,  shadow¬ 
graph  and  interferometer  techniques.  There  is  a  com¬ 
prehensive  section  on  all  types  of  flowr  meter  ranging 
from  orifice  plates  and  venturi’s  to  rotameters,  with 
some  description  of  their  theory  and  calibration. 

The  all  too  short  section  on  fluid  control  now  includes 
reference  to  the  subject  of  fluidics,  with  a  clear  explana¬ 
tion  of  fluid  amplifiers  as  well  as  dealing  with  the  more 
conventional  control  systems. 

The  basic  theory  of  turbomachinery  which  really 
deserves  a  book  to  itself,  is  dealt  with  somewhat  briefly, 
together  with  a  short  discussion  on  cavitation.  The  last 
three  chapters  of  the  book  deal  with  steady  flow  in 
pipes  and  open  channels  and  finally  unsteady  flow' 
problems  in  pipes  and  open  channels.  The  point  is 
made  that  the  analysis  of  unsteady  flow  is  much  more 
complex  than  that  of  steady  flow  and  a  most  appropriate 
method  of  solution  of  these  problems  is  by  use  of  a 
digital  computer. 

The  book  ends  with  five  useful  Appendices:  (a)  Force 
Systems,  Moments  and  Centroids,  (b)  Partial  Derivatives 
and  Total  Differentials,  (c)  Physical  Properties  of  Fluids, 
(d)  Notation,  and  (e)  Computer  Programming  Aids. 

Throughout  the  book  fundamental  concepts  and  con¬ 
clusions  have  been  developed  and  illustrated  by  many 
examples  with  simple  applications.  This  latest  revision 
of  the  book  has  been  brought  more  up  to  date  by  the 
addition  of  material  on  electronic  fluid  measurements 
and  on  pneumatic  servo  control,  the  inclusion  of  fluid 
amplifiers,  a  new  chapter  on  unsteady  flow'  and  the 
inclusion  of  digital  computer  applications  solving  some 
of  these  problems.  In  general  it  is  a  very  well  laid  out 
textbook  for  engineering  students  trying  to  gain  an 
understanding  of  the  fundamentals  and  main  engineering 
applications  of  fluid  mechanics. 


Control  Systems  Functions  and  Programming  Approaches. 

Vols.  A  &  B  By  D.  N.  Chorafas.  Pp.  xxvi+395  and 

Pp.  xx+276.  New'  York  and  London.  Academic  Press, 

1%6.  Prices  128s.  and  88s. 

In  the  course  of  fast  moving  developments  such  as 
computer  applications  and  integrated  computer  system 
design,  it  is  salutary  that  every  once  in  a  while  someone 
should  stop  and  look  around  in  all  directions  to  deter¬ 
mine  what  has  been  happening,  what  is  currently  hap¬ 
pening,  and  in  what  direction  4  forward  ’  should  he.  My 
only  real  criticism  of  these  two  volumes  is  that  it  should 
have  been  Chorafas  who  stopped,  looked,  listened  and 
then  talked  ! 

A  splendid  subject,  providing  vast  opportunities  for 
influencing  forward  thinking,  has  been  covered  in  words, 
words,  and  still  more  words. 

Volume  A  covers  the  basics  of  4  why  compute  ’  and 
the  principles  of  systems  analysis.  It  goes  on  to  deal 
with  the  language  problems  of  computers  and  the 
requisite  translation  machinery,  leading  into  Boolean 
Algebra  and  programming.  Systems  control  and  real 
time  programming  loops  and  systems  are  considered. 

Volume  B  looks  at  computer  system  installations  in 
processing,  production,  air  traffic  control  and  airline  seat 
reservation  control,  and  deals  briefly  with  automation 
in  banking,  and  road  and  rail  transport  control.  All 
very  interesting,  and — for  the  systems  analyst — extremely 
good  case  histories. 

But  never  for  the  layman  nor  for  the  merely  interested 
reader  The  approach  is  tedious  in  the  extreme  All  the 
information  one  could  conceivably  want  is  there,  if 
only  one  can  find  it.  Chorafas  states,  in  his  introduction, 
that  during  1966,  in  the  preparation  of  the  volumes, 
44  multinational  research  led  to  meetings  in  24  countries 
on  four  continents  with  two  Prime  Ministers,  six  min¬ 
isters  of  industry  and  commerce,  five  ministers  of  plan¬ 
ning,  85  university  professors,  and  a  golden  horde  of 
leading  industrialists.”  A  fine  pedigree  but  he  might 
better  have  spent  the  time  severely  editing  whatever 
material  he  already  had. 

Good  books,  utterly  spoiled  in  their  style  of  presenta¬ 
tion.  But  if  you  can  bear  them  there  is  a  wealth  of 
information  available  therein.  Volume  B  (Applications) 
depends  to  a  large  extent  on  Volume  A  (Theory),  but 
Volume  A  can  stand  on  its  own. 

R.  W.  Sudweeks 


F.  S.  Burt 
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Theory  and  Research  in  Lubrication.  By  M.  D  Hersey. 

Pp.  xii+488.  New  York;  John  Wiley  &  Sons,  Inc. 

1966  Price  140s. 

This  book  serves  a  double  function  in  that  the  main 
text  covers  the  physical  and  mechanical  aspects  of 
lubrication  while  a  very  extensive  list  of  references  at 
the  end  of  each  chapter  covers  the  subject  in  a  rather 
broader  manner.  Lubrication  is  used  in  the  title  without 
qualification  but  in  the  text  fluid  lubrication,  whether 
it  be  hydrodynamic,  hydrostatic  or  elasto-hydrodynamic, 
is  the  only  subject  covered  in  detail. 

A  glance  at  the  index  which  does  not  claim  to  cover 
all  items  mentioned  in  the  text  shows  those  subjects 
which  have  not  been  considered.  There  is  no  reference 
to  “  Additives  ”,  “  Oxidation  ”,  “  Detergents  ”  or 

“  Hypoid  Gears  ”  for  example  and  as  these  are  subjects 
which  involve  the  chemistry  of  the  lubricants  and  the 
metal  surfaces  it  is  apparent  that  this  side  of  the  sub¬ 
ject  is  not  dealt  with  in  detail.  The  existence  of  solid 
lubricants  and  greases  is  mentioned  but  their  composi¬ 
tion  and  function  is  not  covered. 

Having  indicated  those  areas  and  aspects  which  are 
not  dealt  with  in  any  detail  it  should  be  said  that  what 
has  been  covered  has  been  done  well.  The  historical 
evolution  of  the  subject  is  clearly  shown  and  the  text 
and  lists  of  references  covers  the  results  of  many  workers 
in  this  field.  The  papers  presented  to  U.K.  Conferences 
and  Symposiums  have  received  proper  recognition  as 
has  other  work  published  in  the  British  technical  litera¬ 
ture. 

Tribology  is  the  new  title  for  “  the  science  and  tech¬ 
nology  of  interacting  surfaces  in  relative  motion  and  of 
the  practices  related  thereto  ”  and  thus  includes  all  aspects 
of  lubrication  and  wear.  The  present  book  is  a  very 
welcome  addition  to  the  tnbologists’  library  as  long 
as  it  is  realised  that  the  chemistry  of  the  lubricants  and 
surfaces  are  also  important  and  for  much  internal  com¬ 
bustion  engined  equipment  very  important  indeed. 

R.  P.  I^angston 


A  Simple  Approach  to  Electronic  Computers.  By 

E.  H  W.  Hersee.  Pp.  xi+261.  New  York;  Gordon  oc 

Breach  Science  Publishers  Inc  1967.  Price  $7.50. 

There  are  by  nowr  many  books  dealing  in  a  general 
and  elementary  way  with  electronic  computers,  and 
one’s  reaction  to  the  present  volume  might  well  be  to 
decry  yet  another  book  on  the  same  subject.  This,  how¬ 
ever,  would  be  a  somewhat  unfair  comment,  since  this 
is  the  second  edition  of  a  work  which  was  first  published 
in  1959,  when  the  subject  of  computers  was  at  a  much 
earlier  stage  of  development,  and  few  general  and 
elementary  books  were  available.  Judged  in  this  light  it 
is,  however,  relevant  to  ask  not  only  if  the  work  merits 
a  second  edition,  but  also  if  this  new  edition  has  been 
thoroughly  revised  and  brought  up  to  date.  The  answer 
to  both  these  questions  is  4  Yes 

The  Author’s  stated  aim  in  this  volume  is  to  describe 
as  simply  as  possible  the  basic  principles  of  both 
analogue  and  digital  computers.  In  fulfilling  this  aim 
he  has  avoided  recourse  to  any  mathematics  beyond 
simple  arithmetic  operations  and  the  resulting  book  is 
lucid  and  easy  to  follow.  In  particular  the  descriptions 
of  the  logical  operation  of  basic  circuits,  such  as  those 
used  for  addition,  subtraction  or  storage  is  clearly  ex¬ 
plained,  although  the  electronic  operation  of  such  cir¬ 
cuits  is  not  considered. 

It  is,  of  course,  possible  to  make  some  criticisms  of 
any  book,  and  the  present  volume  is  no  exception, 
although  such  criticisms  are  few.  The  most  important 
of  these  concerns  the  use  of  technical  jargon.  Those 
working  with  computers  have  inevitably  evolved  an 
extensive  jargon  which  is  often  confusing  to  the  layman, 
not  because  of  the  concepts  involved,  but  because  of  its 
unfamiliarity  Thus  we  would  hope  to  find,  in  the  present 
volume  an  explanation  of  terms  such  as  ‘  NAND 
GATE  ’,  ‘ON  LINE’,  ‘REAL  TIME’.  These  terms 
were  chosen  at  random,  but  none  appears  in  the  index. 
The  meaning  is,  in  most  cases,  implicit  in  the  text,  but 
it  would  be  of  considerable  interest  to  be  able  to 
associate  it  with  the  jargon  in  general  use. 

This  volume  provides  a  useful  introduction  to  the 
subject  of  computers.  For  a  non-specialist  volume  the 
price  seems  rather  high,  and  although  many  will  find  it 
worth  reading,  few  will  be  encouraged  to  purchase  a 
copy 


C.  H.  Gooch 
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